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T a , .. DETACHABLE ABSTRACT

i S

This report reviews ‘and evaluates work performed bv several con-

tractors participating in the OCD fallout shelter ventilation program,
including {ield ventilation tests usingvsimulated occupants and the
development of analytical models for prediction of ventilation

requirements.’

: , A series of meaningful experiments by the several contractors
) provided data in support of the analytical model, Emphasis is placed

on weather criteria, which'play an important part in determining

required shelter ventilation rates, The adequacy factor (AF) method
is found to be the most satisfactory criterion to date, by virtue of

its basis uﬁon simultaneous dry-bulb and wet-bulb temperatures avail-

able from the U,S. weather bureau. Curves of adequacy factor as a

‘function of ventilation rate have been developed for 91 cities in the
7 U.é;, and shﬁlter ventilation requirenent maps showing 1soventilafion
contour lines across the U.8, have been prepared from the AF curves,

The data are based on an adiabatic (non~conducting wall) model, i.e., the

»v~ww~~she1terwloadwis"assumed:to~be'entirely”removed“by“thE“ventilatlng‘airi””“

The ventilation rate required is found to be greatly influenced by selec~

tion of the shelter effective temperature/adequacy factor criterion
(SET/AF criterion).

The required ventilation rates based on the adiabatic wall shelter

model is found to produce realistic estimates under summer conditions

for aone-ground shelters, For below-ground or partially below-grade

shelters, the ventilation rate required can be reduced if the
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o factors, ‘such as for heat ‘transfer, to the basic required ventilation
_rate of the adiabatic model shelter.
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‘surrounding soii‘is substahtialiy‘below the ambient dry-bulb temperature,

Further studies are’required to‘develop‘a method of applying correction

The simulated occupant (Simoc, used in the tests is found to be.

a reliable approximation ‘to the human metabolic load,

. The relationsh‘p of weathe* data gathered by the Weather Bureau to

microclimate shelter area dats requires further study. Also found to

require further study are me*hods of _presenting required shelter venti=-

lation rates, and the degree of detail within geographical areas.
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ABSTRACT

This report reviews and evaluates work performed by several contractors

participating in the OCD fallout sheélter ventilation program, including field

ventilation tests usiag simulated occupants and the development of ana]yticé?*\

I . models for prediction of ventilaticn requirements,

A series of meaningful experiments by the several contractors provided

! ' data in support of the analytical model. Emphasis. is placed cn weather

criteria, which play an important part in determining required shelter

ventilation rates, The adequacy factor (AF) method is found to be the most

satisfactory criterion to date; by virtue of its basis upon simultaneous
dry—ﬁulb and wet-bulb temperatures aQailable from the U.S, weather bureau. ki
y Curves of adequacy factor as a function of ventilation rate have been
} developed for 91 cities in the U.S,, and .shelter ventilation requirement
) maps showing isoventilation contour lines across the U,S. haye been prepared

from the AF curves, The data are based on an adiabatic (nonfconducting
wall) model, i.c,, the shelter load is assumed to be entirely removed by
" the ventilating air, The ventilation rate required is found to be greatly
influenced by selection of the shelter effective temperature/adequacy
factor criterion (SET/AF criterton). | .
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The reguired ventilation rate based on the adiabatic wall shelter
model is found to produce realistic estimates under summer conditions

“for above-ground shelters, For below-ground or partially below-grade

N SN

shelters, the ventilation rate required can be reduced if the surround-

ing soil is substantially below the ambient dry-bulb temperature, Fur-

ther studies are requiréd to develop a method of applying correction

factors, such as for heat transfer, to the basic required ventilation =~
rate of the adiabatic model shelter,

141

ST R Pk " " o




WA

‘The simulated'eccubant ( simoc) used 1hvthe tests is found to be a

reliable approximation to the human metabolic load.

The relationship of weather data gathered by the Weather Bureau to

  m1croc1imate shelter area data requires further study, &lso found to

require further study are methods of presenting required shelter ventilation

‘;rates, and the degree of detail wiihin geographical areas, N
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—|—be—equipped-with any ventil:

;ﬂ

‘i accordingly an emergency standby ventilation system using ambient outdber

,he uneconomical

~initiated by the Office of C

‘reported fallout shelter tes

~contractors.

were tested.

During ¢rowvded confiner

1 INTRODUCTION -

ent in fallout shelters, the heat geﬁerated

within the shelter must be removed in order “to malntain habitable condi-

tiohs.

shelter occupants.

occupied only during the shcrt emergency period,

air would clearly be the mod

. A program ihvolving a s

California.

During the ped
S0 shelter ventilétion tests
various locations in the u.
‘Most tests wel
months, but a few winter te
oceupants)Awere used to rep

results of each of the test;
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- minimum,

vUnder the present proj
including those received du
‘tion was to be based pripci

Direct discussions with the

The principal heat ﬂource would be the metaholic output of the‘

The majqrity of the shelters designated wou'ld be

and probablv would not

ting or cooling system. It would’ therefore

to equip such space with a normally bnused cooling system:

t practical and economical.

eries of fallout shelter ventiiation tests was
1v11ian Defense in 1959  One of the earliest

t was conducted in a prototype 100-man shelter

_constricted by the Naval Radiological Defense Laboratory near Oakland,
-Work tasks 1nvéstigating environmental conditions in fallout

_shelters ventilated with ambient outdoor air were assigned to several

{16d from 1961 through 1965 approximately»f

; . were conducted in designated shelters at-

3. . Both above-grbund'and below-ground types

re scheduled to be performed during the summer‘
Slmocs (eimulated

The

5ts were also included.

resent the human load in the shelters.

5 were presented in reports by the contractors.

ect, SRI has reviewed the contractor reports,
ring 1966, At the suggestion oif OCD evalua- __
bally upon studies of the reports submitted.

authors of the‘reports'Were to be kept to a

=

4
3
)
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The present report discusses and comments on particular highlights
of the contractors reports, including such principal parameters as weather
criteria, ambient'and shelter psychrometric conditions, and heat trans-

mission through shelter boundaries, Also discussed are shelter models,

"both adiabaticand nonadiabatic, the ventilation adequacy factor, and the

transient analysis. Some detailed presentations are inéluded in the

appendices, but in‘general, involved repetition of the contents of the

reports studied has been avoided. Conclusions regarding the general

_validity of technigues used by the various reporting contractors are

set forth, followed by recommendations concerning future work to be done,
which, in the Institute's judgment, is necessary to enable a final evalua-

tion to be made of the work already carried out and discussed in this
report.

. As the evaluation work proceeded, it was realized that some of our

conclusions and recommendations were, of necessity, educated judgments

rather than purely the outcome of strictly logical arguments. Therefore,

invirying to avéid unconscious bias during the evaluation qualified
personnel other than the listed authors were consulted. They include
Mr. John J. Eige, Mr. Elmer Robinson, Mr., Frank C. Allen and Mr. Leonard
Power of SRI, and Dr. Jen-Yu Wang of San Jose Staie Univérsity, to all

of whom we express our deep grétitude.
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S 11 OBJECTIVE

- At the beginnihg‘of this project, the stated objeétiVes were reviewed
and considered in the light of overall program goals. Without quoting at

length from the work statement, the gereral task under this preject has
“"been to reviéw and evaluate the work done by various bqnfractors using

Simocs in'conneé‘ioniwith'the fallout shelter ventilation test program.
} .. As part of this project, S$RI has made recommendations concerning further , ‘
5'*"wmm~—'-—work 1hat'may~be needed~to ‘achieve-the eventual: goals of the OCD»Sheltet~4--AAmm¥~~j"A

Ventilgtion program,

While studying and evaluating the contractor reports, SRI has partic-
) uléry kept in mind the need tolésséss the degree to which information
'gatheféd frbm‘various sources could be applied in synthesizing a éimpli— '
fied and universally useful set 'of procedures for establishing shelter» »
ventilation requirement,. '

"

The'OCD Pro:ect 1200 '"Environmental Characferistics of Shelters,
is cdncerned with control of the shelter eﬂvironment The work, as
' pfesented in this report, reviews the experimental and analytical work

pertormed by the contractors on this subject.




II1 SUMMARY . R Lo

A. Reference Paiameters

In order to evaluate the results of shelter ventilation tests,

aumerical values for the various design criteria were suggosted, As a

reference, 400 Btu per hour per occupant was used as the metabolic load

and an effective temperature (ET)* of 85°F for the habitability criterion,

‘SpaEé a11otment Was fixed 2t 10 ftz per nccupant, )

The parameter of 400 Btu/hr~occ is the total of the sensible and

latent metabolic load and appears reasonable. Controls on the SlmOCs‘

1

varies the sensible~to~latent heat ratio as a lunctlon of ury-buld

g R

temperature. Acceptance of 85°F ET as criterion 1)1 habitability is
more diffzcult to defend, as discussed at greater length in Part 2 of o i

Appendix A. Part 3 of Appendix A leals with the uncertainties surround- ' E
ing the space allotment figure., ‘ ‘ i

L. The Simoc

The "3imoc” (simulated occupant) :«sed in all shelter exgeriments is
an electromechanical device to simulate the human metabolic load‘by
generating sensible heat and water vapor in an amount comparableVFO that

Egeaefafed by an average person.» The. two types of Simocs developed for

useé in shelter tests are the individusl Simoc, developed by the Na;ionél

Bureau of Standards (NBS) and the mass Simoc developed by General American

Transportation Corporation (GATX), which simulatgs up to 60 sedentary » zki
adults, .In the larger shelters (occupancy greater than 30 persoans), ho :ﬁ
appreciab{gzgiscrepancy was qbservgq y@ggﬁ}he two types ofﬂiimocs “Ef?~_; . h?
interchanged. imocs eliminate the effects of poss‘ble variations found

in the assortment of live occupants and allow direct comparison between °

the results of different tests,

# ASHRAE! defines effective temperature as an empirical sensory index, ‘ B
corwining into a single value the thermel effect of temperature ' ‘;
hunidity, and movement of air upon the human body. Lomblnatlonb of . E
temperatures, humidities and air velocities that produce the same
feeling of wammth are assigned the same "ET" value,

5 -
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A third type of Simoc considered is one suggested hy the University
of Florida. It makes use of the test vehicle, which, in addition to
supplying ventilating air, also provides the sensible heat and water

~ vapor equivalent to the rated shelter metabolic load, thereby serving
R as an external Simoc. This method has only been used oncc and therefore

must be further proven to be acceptable as reliable load simulator,

! Simocs are discussed further in Part 2 of Appcndix B.

C. Shelter Tests

,1. Genergl S e L e R

In the simulated occupancy tests of shelters, one objective was to
‘obtain data with which theoretical methods for analyses of heat-mass
transfer in and around a shelter environment could be verified. Another
objective was to obtain data for the derivation‘'of interim empirical ’

relationships among significant parameters.

) Since costs would not permit the construction of test prototypes to
represent the many conditions, field tests were made in such shelters

as were available or in structures having similar thermal characteristics.

The majority of the shelter ventilation tests were performed by
supplying the shelter with ventilating air, conditioned to follow a
design day cycle. The internal load of the shelter was adjusted to

- g{mulate an occupancy allotment of 10 ft2 oer occupant. For most of the
tests the ventilation rate was adjusted so that the shelter effective '

temperature stabilized in the region ot 85°F ET.

The shelters tested are not a statistical sampI“of*aiI‘shelters
'in the country, siuce their number is neither large enough nor repre-
sentatively‘random.’ However, from the study of the test procedures
and test results, the authors feel that tests have been conducted in a
sufficient variety of shelter models and shelter geography; accordingly,
the environmental responses resulting from the Simoc load and ventilation

by ambient air are generally representative of the expected behavior of




most shelters, The authors also feel that not enough tests were‘conducted
using ambient air and extending the full confinement period of 14 days;

indeed, only the F.ovidence test was conducted in this manner. Additional

_tests of this type are needed to verify the computer program and to

1hvestigate shelter heat transfer behavior over a li-day confinement

Pcriod o .;,,_‘.__‘,,..A,_.h",_‘,;_.” s e e

2. Use of Conditionecd Air

The development and the usage of the desigh day cycle have been

somewhat-éontroversial, The originai purpose of hsing conditioned inlet

. air was to provide a controlled desipgn summer weather cycle, usually

warmer than the ambient cycle, for determining ventilation rates required
in the shelter,(seé Part 4 of Appeﬁdix B). However, in many cases, this
purpose was_defeqted, principally because it is impossible to determ e
fhe extent of the error introduced, The rate of heat transfer through
the boundaries Qould be greater than if ventilation were with ambient
air‘already at summer‘design-day lével; therefore a lower required
ventilation rate will be indicated by such a test, The lower required

ventilation rate obtained using this method would of course, be in-

adequate unless some idea of the increased transmission loss is known

and a correction factor applied. In later tésts;,qompensating heaters

were used; however, the exact magnitude of the heater load is dependent

‘upon the knowledge of the transfer coefficiént,

Conditioned air can be used witn little error, however, in several

cases. In ventilation tests of under-ground shelters in the summer

- months for instance, the walls are near the maximum temperature and are

--relatively insensitive ‘to-the ambient air temperature change. “Theéere "~

would be 1little variation if conditioned air slightly wammer than the

ambient is used in such a test,

3. Live Occupancy Shelter Tests

A brief mention is made of the live occupancy tests,

In addition to the shelter ventilation tests using Simocs, a few

tests were performed with human occupants as participants. These tests,
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however, were restricted to one or more of the following conditions:

(1) In eeveral tests, only healthy young na‘es were ased

(2) Duration of confinement was relatively short (i.e.,
24-hour tests, 48-hour tests) when participation was
by the general public.

(3) Shelter effective temperature was maintained at a
relatively low effective temperature.“

Only a'very few live occupant tests were performed for'a 14-day
period. These 1nvolved tests by the vsmzm.“ and the University of
.Georgta.”

At least- two tests, the University of Georgia test at Athens, Georgia,,'
in 1962—6333,and the University of West Virginia test at Morgantown,
'est Virginia in 19663‘ 1nvolved occupants of both sexes and ages r,nging
from about 8 months to over 70 years and represented somewhat a cross
section of the populace; although all were volunteers. At the National

~ Naval Medical Center in Bethesda, Maryland,?! comparative tests were run

using’llve‘occupants and Sinocs.

Much has been learned from these tests of occupant behavior, tolerance
to confinement, equipment handling, and equipment performance, Because of
“the restricted pature of the tests, however, the information is limited.
. .There would exist a high element of risk in conducting‘a full-scale
shelter experiment’ involving a cross section of the populace for a 14 day

- test under extreme design shelter conditions.

Regarding the problem of shelter ventilation, the live occupan<y
tests conducted in real designated shelters can be the proviw grouand for

the application of ventilation rates predicted by analytical methods.

e

Thesé‘field“etﬂdtes*canwinciude"the~3tudy«of»preceduresmthat_can~be used
to obtain shelter phy:xical data and applicability of the adiabatic wall
model ventilation>rate if such data are too difficult to obtain. _With

known snelter parametens, studies can also be made on the average meta-

bolic heat output of the occupants,




o '”-“ The authors feel that the live nccupancy tests should be continued b
and progressively include the studies of '‘all pertinent problems involving ;
_} survival, including ventilation, fquipment use, food, <anitation, manage- ‘ £

ment, and general response of the occupants to the shelter environment.

D. Work Performed by Various Contractors

---—S8everal contractors participated in.the shelter ventilation test .. ..

progiam.””fhe role of tiie National Bureau of Standards was to investi- i
”5atc the use of mathcmatxcal models in d1g1tal computer programs as means - ' &

of predicting shelter themal responaes of primarily underground shelters.
oy B Their uork consisted of analysis of under-ground heat conduction, ground
temperature;étudies, derivatién for a digitalfcohpqter program applied

to NBS ‘test shelters,’' and rclated comnuter calculations carried out and .

R GeEE L

compared with experimental data, The papef entitled "Outdoor Air Psychro-

‘metric Criteria for Summer Ventilation of Protection Shelters,” written

| by personnel of NBS,2?! oficers much basic information on the approach for

the consideratlon of various weather cr1ter1a., A brief analysis given

\: : . is based on the adiabatxc wall model and thg paper serves as an excellent ' f

\ ’ guxde for preparing a design method for shelter ventilation systems,

The University of Florida has conducted shelter ventilation tests in
‘ 25 below-ground shelters in various parts of the U.S. Much of the datsa

i ‘ ! “ ~obtained were supplied to NBS for their analytical stﬁﬂies. The prcgram

;consisted of a series of simulated occupaﬁcy tests of shelters ranging in

size Irom a 1£~oucupant shelter to a 1000-occupant shelter, The scope of

work conalsted 1argely of "instrumenting and perfonnxng meaaurements of

shelter c11mate and wall conditions over the test pcriod The majority

of the tests were conductcd using Simocs and supplying varxuus rates of

‘ventxlating air while observing ‘the shelter conditions, One test comparea'

the thermal effects within a shelter under two methods of test, the use

TJOf human occupants as shelter load and the use of Simocs, It concluded

that a Slmoc generatxng 400 Btu/hour was a close representation of the

human mctabollc load and that the thermal effects of the shelter 1esu1t1ng
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from both test methods were closely duplicated., The experimental tech-
niques developed and the data compiled by the Untversity of Florida
shelter tests serve as a valuable source of information for the study

of shelter ventilation.

. The General American Transportation Corporatinn (qu'\ conducted a

-~ series of shelter tests involving above-ground znd basement shelters,

“In conjunction, a computer program was developed by which it was possible
to predict the transient shelter conditions using the test input param-

eters.‘ Comparisons with the shelter test data showed close agreement

with the predicted results. Expevimental results were also campared

 sults using the time average temperatures (part 4 of Append1x F). Based
upqn.the adiabatic shelter, a method was developed for determlnxng the
.ventilation rate using the adeqaacy factor, Data from the weather studies

- of 91 cities was used for deVeloaing adequacy factor-CFM curves (Pgrt:z

" of Appendix F). The experimentalyand analytical work perfoined by GATX
produced useful and valuable informition directly applicable to the

Shelter Ventilation Program,

The Guy B, Panerc, Inc. and ITT Research Institute also performed
ventilation tests.i The University of ﬂyracuse conducted analytical

studies applying ‘both the analog and dlgital computers {See Appendix C)
One of the earliest shelter tests using Simocs was performed by

the USNRDL..

. E. Criteria for Determining Shelter Ventilaticn Requirements

1. General

In order to develop a method for predicting shelter ventilation re-
quirements, it is aecessary to establieh the weatﬁer criferia for dif-
ferent geographical locations, the design criteria fof shelter environ-
ment, based on physiological tolerance information, and the parameters

’for the various shelter properties.

10

~~~~~ with the analytical. solutions based on an. adiabatic shelter and with re-



‘Foi establishing weather criteria, both the dry~bulb temperature

(DBT) and wet-bulb temperature (WBT) in a goincident form must be con-

_sidered, The ASHRAE Guide! has indcpendent listings for the principal

cities of the design DBT and WBT for a 1, 2.5, and 5 percent design day.
National Bureau ofFSténdards has shown in their papcr?° that using these

noncoincident, independent values of DBT and WBT in combination to define

a single-point psychrometric criterion resulted in.a “percent design day” .. .

that was extremely conservative; Moreover, the “percent design day” was
highly incorsistent, varying widely with geographical location, It was
not possible, therefore, to establish a consistcnt criterion based upon

a single psychrometric point. Further studies shoulc be made to develop

‘cities in the U.S.

a method for adjustlng the sxngle poxnt criterxon, sinpé thls method

would be useful for specific ventilation calculatlons. It§ advantage

lies in the fact that the basic "percent design day” information is
readfly'availabie and the simplé ventilation rate curves can be used

(Figs -2 and D-3). Because of the inconsistent nature of the unadjusted

singli point criterion, the adequacy factor was developed,

The adequacy factor (AF} is the proportion of a total time unit
(usually onec year) thaf a shelter condition may be expccted to be main-
tained at or below a given cffective temperature when a given ventilation
rate is uscd. Adequacy factors are derived from the hourl& caincident
DBT and WBT (Part 2 of Appendix D) From detaiied coincident weather
data, curves of adequacy factor as a function or ventxlatlon rate for a

family of effective tempcraturej rere developed by GATX for 91 principal

l
The AF is generally interpripfed as the purtion of one year during

vhich an adequate shelter éondit, n can be expected Houuver, since

¢limate is grouped more or less Lccording to season, the occurreances of

“inadequate days are not distr1buted evenly throughout the year. 1t is

0 s R R 2 B A RIS AR DL SPRAER SR/ T L S R TSR N e A

high]y probable that a]m05t all of the inadequate days would occur during
the four to five montk summer period; for the rcmainder of the year, the
AF would be close te 100 percent, It would he more meaningful to use

AF for o11y the grouped portion of the year where it is applicable

11
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" somewhat with little change in the shelter condition, even at extreme

__ model as a basis for determining shelter ventilation rate for the e

In order to apply the curveskof Af asba function of ventilation
rate; the fShelter effective temperature/adequacy factor" criterion
must be estabtlished. The determination of this criterionvwould result
from the study of physiolagical tolerances and the establishment of a
probability factor of not exceeding the shelter design temperature. The

establishment of this criterion would probably involve an ‘administrative
decision. The importance of a prudent choice of the 'shelter effective
temperature/adequacy Iactor criterion is streSsed ‘since it influences

greatly the ventilation rate requirement.

' 2.‘ Ventilation Requiremerts Based on an Adiabatic Shelter

; Ventilation requirements for an. adiabatic wall model shelter can be
obtained from the adequacy factor curves such as contained in this report
{Fig. D-5 and D-6). It is recommended, however, that initially a direct
adjustment in thé required ventilation rate (RVR) value.be made (Part 2-d
of Appendix B) In regions ‘where the RVR is small the shelter ET reaches

" a very high level in the extreme ‘summer climate (1. e., at 99 percent

adequacy factor) however, it has been determined that by a very slight
increase in the RVR this condition can be avoided In the regions where

the RVR is high the ventilation rate can sometimes actually be decreased -

summer climate., The ventilation rate obtained is for an adiabatic

,shelter and can serve as a basic value to which correction factors may

" be applied

The several contractors have concurred on the use of the adiabatic

following reasons-’

(1) It is a simple and convenient method.

(2) Only the weather and "Number of occupant” information
are used; thereby minimizing introduction of errors,

{(3) 1t decreases the risk of inadequate ventilation,
since ventilation rate predicted is the maximum
rate that can Be required (assuming solar effects
are negligible)

12
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(4) It is a closc approximation for determining
ventilation ratc for many shelters varying
over a range of configuration,

(3) It is entircly feasible to develop a procedure for
- adjusting the basic adiabatic ventilation rate.

- The principal ‘adjustment that would be made to the adiabatic shelter

ventilation rate is the adjustment for -boundary wall»ldsses. it would be

impractical to attempt a detailed study of heat transfer properties of

cach shelter. However, it may be feasible to develup a prdcéduye'for"

_establishing a conservative value of boundary loss expressed as a-per= —— -

centage of total shelter load, depending upon the geographical location
and type of structure, ‘(It is ouf understanding thét_inioxmation regarding
the type of structure was included in the Phase I stﬁdy 6f the National
Fallout Shelter survey.) Dctermlnatlon of the value of the heat transfer
coefficient can probably be avo1dcd Much 1n£onmatiua was obtained
regarding the proportion of heat loss through the boundary walls from

thc many shelter experiments and should prove useful in establishing a
procedure for estimating the loss. The cérrected RVR would be the adia-
batic rate reduced by an amount approximately equai‘to the bouﬁ@ary-loss
proportion of the total hcét’génerated in the shelter, Under the séme
survey, shelters which would not need adguqtlng, that is adxabatxc

sheltera, can deflnxuelv be identified,

‘3. Ventilation Requircments Based on the Hourly
and Daily Average Weather Data

The study of extenalve data showed that. the RVT’s obtaxned from

the hourly or average daily weather data do not differ greatly in areas
in which the RVR is small, but significant differences are noted in
areas where the RVR is large, It was also mentioned above that in

these reglons where the RVR is high, the vcntllatxon rate can be decreascd

somewhat with little change in the shelter condltxon. This wonld support

the fact that RVR's obtained from the hourly or the average daily data

13
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would not differ greatly, especially after the aforementioned adjustments

haveibeen made, As previously mentioned, the difference in ventilation
'requirement is influenced more predominantly by SET/AF criterion
that is chosen, A

/ ; :
Results ot many shelter tests have shown that the daily amplitude
of the shelter effective tempe:ature is small (within +2°F), There was-*

also close agreement between .fhe prédi&ted and the test results using
_average values. lt is therefore recommended that for the interim the

analyses of shelter environment be based on the daily average temperature.»

For establishing basie data such as the AF4RVR with SET parameters,.

;?\, i -7 4t 4s the recommendation of the authorsvthat hourly data be used, since

‘ ’ e such data are readily available. There is‘no reason‘to dispense with
valuable information by averaging, especially since bourly data 1s used

to Jbtain the averages.

4; Computer Program

A parallel effort to the above.was the development”of eonputer~~

' - programs for tranqient analysis of shelter environment.' Different pro-

) grams were developed independently by GATX, NBS, and the Unlversity of
Syracuse. This sophisticated method of determining shelter ventilation
rates ueing a éonputer piogram would take into aecount the transient
iweathen cycle and the_transient'heat transfer th%ough the boundary walIs.

- : a - Detailed input parameters would be required. Moreover,'the validity'

L - ‘ ’_ of the various input informaticn must be established; otherwisevreliance

”might‘be placedvon overly precise‘calculatione based on uncertain param-
Vetefs. The several computer programs developed, yielded'results that

‘agreed closely with the experimental results when actual weather inputs

erties, It is questionable how readily such a detailed method of com=
;nutaticn can be applied to.the vast<number of designated shelters, The
computer program has served, however, to provide analysis for transient
shelter conditions, As a result of its applicatlon to the several ex-
perinents performed, a degree of confidence has been established in its
validity although {for the present) its universal application is imprac-
- ticable. At this time it would be well to integrate the several computer

14
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programs into one, iacorporating the merits of each. Althoﬁgh the imme-~

diate and extensive application of such a program may not be feasible,

‘it does serve as a basic tool for research and analyses,

For predicting Ventilation,requirements‘through‘the use of the (JE

. computér program, a design day cycle is needed for the weather input, . : ff

14 Because of its dynamic nature, difficulties are encountered in the develop- g
: menf of the design cycle in which the coincidence of the‘design DBT and

WBT can be counsidered. It is hotea in Part 1 of Appendix D that by using

41 o the noncoincident databof the percent design day dry-bulb and wet-bulb
4 record as listed in the ASHRAE Guide an overiy conservative criteria
" “results, A moré realistic appreach to the development of a design cycle

is one in which the hourly points in the cycle'are established by using

the percent design day WBT's for each hour in combination with'a DBT cycle
in which each of its hourly pdints would be made up of the DBT's that
occur most frequently with the corresponding WBT. This technique really

represents an effort to partially retain the coincidence of DBT and WBT.

The computer program has been préven only to the extent that the-

“analytical results agree closely with the test results when the input

data of the actual ventilating air is used, 1n order to utilize the
computer program for predicting the ventilation rate, the dynamic weather

information in the form of the design day cycle must be used, No data

have been presented comparing the ventilation reqﬁirements obtained
from the dynamic method with those obtained from static method (adequaéy
factors curves). The validity and extent of application that can be

made of the computer program can probably be seen by such comparisons,

"F. Weather Criteria

The reliable prediction of shelter ventilation requirements depends
__ _in turn upon the reliability of available weather data and its correlation -

to the local shelter climate condition. Since there may be differences

the microenviromment of the weather station and the shelter, there

in
may be deviations in the weather of the two locales. .It would, of

course, be a tremendous task tu perform climatic measurements of each

shelter area for correlation to the weather bureau records, However,

15
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A ¢ critical condition would nevertheless exist tf the weather conditions

- grouping or classifying the shelters would decrease the number of tasks.,

in the shelter vicinity were more ‘severe than that obtained from the

. area weather bureau data,

“dominant in the determination of. shelter ventilation requirements,

correlation weather studies by key population areas would be recommended.

Since the parameter of climatic data is so

Studies can initially be conducted on a few 1arge metropolitan areas.

Dr, Wang, a meteorologist consultant has recommended ‘the weather studies

be conducted adopting‘the volunteer observation s&stem as used by'the

USWB.

‘analysts, architects, and engineers,

‘One form of presentation that has

- been prepared is the ventilation rate contour map.

the map appear te be too coarse, especially in the northern area.

The contour iines on’

The

lines ‘are not sufficiently definite of the ventilation rates of local

gaps of contour lines. A more specific breakdown is recommended such as

whole U.S., on a small map.

";'areas. 1t would be unwise to interpolate betWeen some of the very wide

. those that show detailed contour lines by states rather than that of the

The use of cIOSer contour intervals must

1ncorporate data from more weather stations.

-rates by towns or by counties is another example of detailed breakdown,

Listing of ventilation

It is our understanding that such tables and maps are presently being

prepared

et ey et S g 7 vt g o S
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IV CONCLUSIONS AND RECOMMENDATIONS

’ ‘The extensive shelter ventilation test progrﬁm éarried out by the
‘squr?1‘contrac;of§7hgg provided much information and data on the tran-
sient response v the shelter interior environment, To some extent,
the approximate magn.tude of heat removed from media other than the

ventilating air has been deterained., The shelters tested do represent

quite a wide distribution with re:spect to climate, size and type, There

“was not as much opportunity fcr selectivity as one would desire in locat-

ing and obtaining access rights fér'prototype test shelters, most 6f
which were privately-owned‘buildings. Of necessity, the tests were
made in spaces that were not in normal use, Available shelters that
were.ioo large 'for manageable tests were sohetimesvscaled down by con-
structing insulated partitions and controlling dry-bulb température in
tbe adjacént area, ,Most'shelters were restricted to the single-room ' 5
type; a few had rultiple rooms, Several groups of tests were essentially

parallel studies conducted by different contractors. Basically all test
procedures were similar,

This report was prepared following the review of numerous reports
" published by several contractors who had performed shelter ventilation
) tests, Certain recommendations are presented as a result of the review
"and are directed ﬁarticulafiii'tbward the establishment of reliable

working techniques for determining shelter ventiiation ratss rejuired ' )

using ambient'air;' While the report recommends the scceptance of cer-

tain-methods -developed--by thewcontructors“forwdete&nininngqntilation“"*

rate, additionzl work is also reéommended, mainly to verify the method

% of ascertaining certain paranmeters and criteria,
L % Conclusions and recommendations are as follows:

(1) The Simoc

The Simocs have proven to be a reliable simulator for the
hunan metabolic load and have been used successfully in the

determination of shelter ventilation requirements. The Simocs
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~-8imoecs have a built-in fan which stirs the air excessively

Pt e 10 it

_may not be usable, howevei;‘as a human stimulator in an air-
"distribution study of the shelter interior; since the

sndividual-type Simoce occupy excessive space, and the mass

(see Part 2 of Appendix B).

‘Adiabatic-Wall Model Shelter

The term "adiabatic," as applied to shelter wall properties,

- is a loose one that has been used in the sense that no heat
-7 is transmitted through boundary surfaces, --The.term.used. in

" heat-conduction analyses to describe a surface that is imper-

vious to heat is "insulated" or "non-conducting.” Tables and

. graphs for determining ventilation rates were developed ‘using

the adiabatic-wall model shelter because of its simplicity,

_and the fact that it approximates the requirements for most
 above-ground and numerous below-ground shelters.

Consideration‘of Boundary Heat Losses

It is recommended that studies be continued toward a feasible
means for determination of shelter boundary losses in terms of
percent of total rated load., The purpose is to establish a
correction factor for adjusting the basic adiabatic ventila=-
tion rate where the boundary loss rate is substantial, It.is
not known just how many shelters fall into this category,

--since it was reported that a large portion of the shelters in -
the country can be considered as essentially adiabatic. The

:; recommendation would represent an effort to redupe ventila~
!. tion rates where conductive losses are large, A preliminary

(a)

census indicating the approximate number of nonadiabatic
shelters in the country would determine the feasibility of
pursuing this program further (see Part 2 of Appendix/Fj.

Computer Program and the Design Day Cycle

A considerable amount of effort has been expended in develop-
ing a computer program that can predict analytically the .
transient condition of the shelter. This program has been
proven valid as a result of comparisons with several shelter
tests, These comparisous were made, however, using the then-
available experimental input data of diurnal cycle and not the
predicted summer design day cycle, 1In order to make full use
of the computer program ito predict the required ventilation

rates completely (independent of experimental data, since

these are available only for test shelters), the dynamic
weather information for a particular locale must be available
and used. Since the computer program has been developed to its

. present level, it is recommended that a design day cycle be

developed at least for the principal cities so that the com-
puter program can be used to maximum advantage when basic

studies are necessary, The development of design day cycles

would be desirable as an adjunct to or replacement for annual
data, Such data are needed for the design of environmental

18




‘control systems when transient states are considered and for
.evaluation of physiological responses in a hot enviromment

‘when conditions temporarily exceed those nece_sary for habit-
ability.

Much data from Simoc tests have becn accumulated. It is
recommended that these data be studied exhaustively to evaluate
transient responses of shelters znd io determine parametric
‘relationships that describe these responses. The computer
program zppears to have been proven on a basis of compariscn

was of full 14 days duration using ambient air, it is recom-
auended that additional such tests be perfcrmed for supporting
the evaluation of transient responses applying to an extended
period., The purpose would be to establich a scund analytical
procedure which would then bezome more useiul for the predictive .
evaluation of a shelter (than an experimental procedure)., It . .. .
. would then be available for application in basic research pro-
"grams of shelter ventilation. As a result of our study, we
envisage three different levels: of apprecach to the sheiter
. ~ ventilation problem: the adiabatic wall model, cocrrections to

be made to the basic adiabatic model, and detailed analysis
by use of the computer program.

{5) Adequacy Factor and "Shelter Effective Temperature Adequacy
Factor Criteria”

It is recommended that the adequacy factor method of determin-
" ing basic ventilation requirements be accepted for the present.
In order to determine the ventilation rate from the adequacy
factor-ventilation rate data, the "shelter effcctive tempera=-
ture/adequacy factor” criterion must first be established,
“A thorough study for determining this criterion is recommended,
... .. _since the ventilation rate required is largely dependent upon

- the choice of this criteria. This involves further investi-
gation on:

(a) the validity of the effective temperature
index relating to physiological tolerance at
- high humidities, high effective temperatures,
. and ~.olonged exposure.

(b) conditions that may be expected during the
i inadequacy period,

(c) weather design criteria, and
(d) economic factors,

The tolerance of "nonstandard” subjects to heat stress, cold
stress, and dehydration have not been well defined. The

study should also include the feasibility of using only the
summer months as basis for the adequacy factor, since it -
principally applies only to the summer period, There are

some differcnces in the ventilation requirements-obtained by
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using'the hourly data and the daily av:rage data asibasis,

but the choice of the above criterion exercises a much strong-
~ er influence on the required ventilation rate (see Part 2 of
- Appendix D and Figs. D-5 and D-6).

Further Study of U,.S, Weather Bureau Data

Curves of adequacy factor as a function of ventilation rate
based on the adiabatic-wall model shelter have now been devel-
oped for 91 principal cities of the U,S, For each city, a

{«~Aset of curves (with effective temperature parameters) were

based on the data of the U.S. Weather Bureau for that city.
Actually each of these data represents the weather condition
‘for a very large area, and it is suspected that variations
from this data may exist in isolated locations within each

_ such large area. 1t is strongly recommended that stqdies be
"made to compare Weather Brreau data with the climate con-

dition in the immediate vicinity of the shelter location, at
‘least for a meaningful number of sample areas, A study would
‘"be made for the purpose of assurance against the design of

" underrated ventilation systems for shelters which may be

"rlocated in areas whose ambient climate is in fact more severe

NON

"than that indicated by the U,S, Weather Bureau data (see

Appendix E)
The Single Psychronetric Point Criteria’

It is recommended that studies be made to determine the feas-

.ibility of using the single-point weather criterion (defined

by the design DBT and WBT) as a basis for determining ventila-
tion rates: TheAprincipal reason for this recommendation
is that data for the various 'percent design day” are readily

- available (in handbooks and manuals)'for all the principal

cities in the U.8, Such data are presented independently
for the dry-bulb temperature and the wet-bulb temperature.
For establishing a single psychrometric point criteria, it

- must retain the feature of coincidence between dry-bulb and

wet-bulb temperatures. If the proposed studies should prove
‘that the percent design day data may be validly applied through
the introduction of correction factors, it would be merely a

_matter of using already available data, so that it would not -

be necessary to develop adequacy factor curves for additional
cities. The single-point criterion would be most convenient '

(8)
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for engineers or architects who néed to study or design
ventilation systems based on 1ocal conditions (see Part 1
of Appendix n) :

Use of Summer Conditioned Air

We are of the opinion that an unnecessary number of tests

- were performed using inlet air conditioned tc the summer

weather cycle and an insufficient number of tests using
ambient inlet air, The purpose of conditioning inlet air
was to avolid the abortive effects of cool atmospheric condi-
tions that would frequently occur during a series of tests.
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However, the ventilation rate thus obtained will be in error
to some degree, depending upon the exteat of the artificially
produced temperature differential between *he conditioned and
ambient air, Tests using ambient air would not necessarily
provide the maximum ventilation rate but would be more real-
.. istic and meaningful for use as input data for proving the.
J' analytical solution (see Part 4 of Appendix B).
- (9)

Natural Ventilation

”u:wHWMW;_VN_M;%“M_,Reports submitted on natural ventilation to date present data

: : and conclusions defining onrly the particular shelter tested.

" As of this writing, a general analysis has not been made.
The next logical step suggested in the study of natural ventila-
tion is analytical rather than experimental. A better defini-
tion of the parameters and relationships involved in natural

ventilation would provide guidance in planning experimental
work.,

f10) Presentation of Ventilation Information

Gnce the ventilation requirement information is determined, a

“forrat must be devised for mak1ng such information available _ 3
" to the shelter analysts or other ultimate users of the infor- . e

mation. One such methcd has been developed in the form of

geographical maps showing isoventilation line contours whose

ventilation rates are obtalned from the adequacy factor curves,

However, denending upon the capabllxty of the user of the
information, it may be desirable to present this information
in other forms, e.g., for a nontechnical group such as local
CD and certain field personnel, a more specific assignment of
ventilation requirements for a specific area is required,
-Such information could be presented in tables classified-
according to state, counties, and cities, For technical
personnel, a concise presentation of the derivation of ade-~

- quacy factor as well as the basic adequacy factor - cfm curves
and possible correction factors should be made available so
that they will be equipped with knowledge enabling them to
solve a particular problem of local nature,

~._ ,(11) Human Occupancy Tests as Source for Additional Data

Shelter. tests using live occupants would no doubt be continued.
... .1t is recommended that a maximum feasible number of test obser-
‘ vations be made in these tests, since they represent a move
realistic shelter condition. The tests conducted in designated
shelters should be the proving ground for application ol pre~
dicted ventilation rates using the design weather ambient air
. conditions, Studies should include the feasibility {(the
difficulty or ecase) of obtaining shelter parameters that
. affect the determination of the ventilation rate,
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The foregoieg has discussed the need for or the effect of cariying
ou( the recemmendations of the SRI report. of greater importance is
Wthé:fact that as the studieS"eef’forth”afe‘carried out, the result willwv~mmm~mweu~}
be te bring about the integration of the 1ndiv1duai but ianterdependent
criterion which are essential for determining shelter ventilztion require*
ments, It 1syimportant to point out'the fact that the determination of
the ventilation rate reqnired does not entirely solve sheltzr environ-

' mental control problems. Closely related are tho nroblems of

(1) Supplying the required quantity of air into the bhelter and

(2) Distributing the air within the shelter so that the environ- t
ment of every part oi the shelter can be made habitable

— - {see Appendix H) B o

- The ventilation rate or occupancy capacity may be affected greatly
by the fallure to obtain distribution in shelters with complex floor

plans, These are distinct problems in themselves and further wofk.is

.being done under separate contracts,

,; o It would appear necessary to initiate early discussions between
o appropriate SR1, OCD, and contractor personnel in order to plan means

ior carrying out these recommendations.

In the opinion of the authors, the several contractors have per—

formed very creditably during the whole Shelter Ventilation Program,

¢
1
3

- especially in view of the very scattered form and limited availabilify

of background information pertinent to the task, Selection of test~

shelter locations extended over areas of various cllmate SO that test
results are generally representative.v Early stases represented a
period of learning and involvod the evolution of basic method anproach

to shelter tests, ooth as to technique and th: development of suitable

equipment, Xnérﬁﬂfﬁﬁ‘fhé”téstfvehicle*and~thefSimocs.

Tests have become progressively more meaningful and have finally o :
resulted in a wealth of significant information on shelter response as

a function of load,ventilating air and shelter properties, and also,

i the development of computer programs through which it has been possible
i
H to find comparative, even though limited agreement with experimental

o findings.
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» Appendix A
REFERENCE PARAMETERS USED IN INITIAL DESIGN CRITERIA

In order to evaluate the results of shelter'ventilutionvtests, it was

éonvenient to establish meaningful references. The following numerical

values were suggested by OCD as tentative design criteria:

Total metabolic heat energy output 400 Btu’h-occ
Habitability criterion 85°F ET ’
Occupant space allo*ment . 10 ft /occ

)

;,m;;”mw_ _While these figures are not to be cons?! :ed as estublisred desipn

3 criteria, they do enrble compdrison and evaluation of various test resu
| S !U

1. Metabolic Heat

While energy output varies greatly with the type of individua! {se
age, size) and with the degree of activity, etc., 400 Btu/h'per shelter

occupant at rest dppears to be a realistic average value of [the tctal

heat energy released,

2. Habitability Criteria

lts.'

X,

A number of indices might?be used as habitabiiity critgria, but no

single index seems to be completely valid at present. The effective
temperature (ET)>1ndex is widely known, and therefore has beeﬁ used
extensivéiy in the_shelter‘ventilation evaluation progfam._AASHRAE
(Ref. 1, Chap. 7) defines ET % "an empirical sensory index, combining
into a single value the thermel effect of temperature humidity and '

movement of air upon the human body. Combinations of tempefatures,

“humidities, ‘and velocities which produced the sare feelings [of WAPmER- - e o e

were assigned the same ET value.”" The numerical value of ET is that of

the dry-bulb temperature at saturatioh; by definition, all psychrometric

conditions producing the equivalent thermal sensation are'aasigned the

same value. An ET of 85°F has been used to date as a ieference criterion
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: for shelter climate. In Fig. A—l ET lines are drawn on a psychrometric-

" chart, It is seen that the effective temperature can be defined by two

parameters such as the dry-bulb and wet bulb temperatures.

Questions have been raised with respect to the validity of ET as a

" shelter design criterion, particularly as to whether the ET index remains

“valid at the high"humidity Tevéls that’ would‘probably prevail in "a fallout

shelter environment This uncertainty stems from the fact that the ET

. index‘was origine}ly developed for air conditioning engineering, where

comfort is the sole concern.' The application of ET index in cases of

_7prolonged exposure requires"furtheristudy.”“Inuthewpresentﬂdiscussion”ofﬂuv

‘the . 85°F ET‘criteria,rit would be inappropriate to establish a‘certain )
limiting ET as a survival 1imit for the majority of the populat cn on the
basis of the sparse physiological data available. Table A-1, reproduced
from Ret, 2, is an example of one physiological data. (This is not

' construed to be a snmmary of current data.)“vAlmore specific and detailed
table, similar to Table A-II, will be required before any decision can '

" be made, In the meantime, other indices, such as the strain index of

Iee and Henschel,“ should also be reviewed and compared.

) In the absence of a definitive value, a limiting range, e.g., from
82°F to 85°F can be established as an initial design criterion until
confidence is established in a specific value after weighing the factors

(‘ofvphysiological tolerances.‘ This avoids premature over-acceptance' of

a provisional reference value which once issued would be difficult to
alter. As a typical exumple early in shelter ventilation program, 3 cfm
..per occupant was ‘mentioned as the minimum ventilation required An

instructor at one of the OCD Area University Architectural and Engineering

Development Centers notes that following the mention of this ‘value in one
" course, many of the designated shelters were tagged with a ventilation
requirement of 3 cfm per occupant, Yet all tests and computations have
shown that it is impossible under summer conditions in any part of the
_country to maintain an effective temperature as low as B5°F with this

ventilation rate.
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Type of Individual Effective Temperature, “F
: ' 75 78 80 - 85 86
= -}—Acclimated C c w W SD
o Healthy 25 year oldmales | ¢ | w_ | SD AD F
45 - 65 years old C SD AD F
65 and older . C -] sp F ~
Infants ‘ c . AD F
Obese : Cc sD F
. Limited water (loss > 3 liters) o SD F
Metabolic disorders € v . AD 'F
Skin disorders ; c | w F ‘
Heart and Lung disorders ¢ | sp F
Stomach disorders S c w | F
Mental abnormalities c AD | F
‘ "C = Comfortable
- W= Warm
SD = Some Distressed
, o AD = All Distressed
" F = Fuilure {a term analogous to the military concept of a casualty)
* Time of exposure was more than 24 hours, o
Source‘: Ref. 2 (Npte:' Is an early data and 1is not construed to be
' ..~ a summary of current physiological data.)
- -
' Table A-x. o
ILLUSTRATIVE DESIRED PHYSIOLOGICAL DATA
IR Average Number of Hours bétore Failure
. c
b | Type of Individual _ at Effective Temperature, ¥ L
. S 75 78 - 80 85 8€
Acclimated - -— — Indefinite 72
- ) - - - - 24
28
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Therefore, it must again be emphasized that s value of 85°F ET has

been used only 2s a reference criterlon to enable comparison of various
test results ‘

3.. Occupant Space'Allotment

A figure of 10 ftz pef occupant has been used as a provisional design

criterion for occupation density in shelters for computing the shelter . =

load. This area allotment is probably the minimum space reqdired'per

occupant when all are lying prohe. Shelter eiperiments to date using

simulated occupants have all been based on the 10 ft2 allotment and the

ventilation rate using ambient air in these tests was adjusted to maintain

a shelter ET of 85°F or lower. Nevertheless, 1t should be kept in mind

that the space-per-occupént parameter will be one of the most difficult
to predict or assume since the number of péople‘that would occupy a partic-

ular shelter is always uncertain, The validity of the "10 ftz/occupant"

criterion is often questioned in considering occupation density of shelters,

It seems unlikely that, in a time of criéis, strict control can be’
maintained over the flow or migration of potgntial occupants toward
specific designated shelter areas, especially in crowded downtown districts
where the population density depends on the time of sampling. Individuals
would attempt to reach the nearest available shelten,,énd this random

selection would inevitably result in over- or under-occupancy in specific
shelters, '

- This situation may be still further aggravated unless there is fairly.
uniform distribution of shelter facilities, since the chances are equa]

that a nucleus of shelters could be invaded and overcrowded than others

0 s Rt IR, W 1 A

which are more _isolated. _It will be difficult to.avoid -this,- since

suitable shelter structures may be randomly scattered,

- Becguse of the many uncertainties cohcerning occupant density

tolerance, separate studies have been made on the subject of overcrowding,.*

* By present difinition, a space allotment of less than 10 ft2

per
occupant is referred to as "overcrowding."
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‘Appendix B

GENERAJ, DISCUSSION OF SHELTER VENTILATION TESTS

1. Objectives of the Shelter Tests

Generaily sfated, objectives. of the shelter ventilation test pro-
gram aré: '

(1) . To establish a method for determining tLe minimum ventila-
o . tion rate required for maintaining habitable conditions
7 within building types that may serve as possible fallout . .

shelters, as once the ventilation requirements are known,
" the ventilation system can he speclfied,

(2) To obtain experimental data for use in verifying the
< .analytical method of predicting shelter psychrometric
conditions resulting from ventilation with ambient air.

‘initially the objecﬁive of the shelter ventilation tests that were
conduc@ed by the severél contractors was to obtain some idea 6f the
magnitude of the ventilating air flow required in order to maintain the
shelter effective temﬁerature (SET) bélow 85°F, Early tests evaluated
the vélidity of Simocs as simulaters, the method of measuring heat

transfer, and the suitability of instrumentation,
2. Simocs

. ‘a, Function

, A "simoc," or "simulated occupant,” is an electromechanical device

designed to simulate the human shelter occupant in such a way that it

will generate heat and water vapor in amounts comparable to the average

e

person, . ‘ : L

b. Types

Two specific types of Simocs were developed for shelter tests, The
individual type developed by National Bureau of Standards was iesigned
to simulate the metabolic heat and water output of a single scdentary

adult.® The "aggregate" type or "mass" Simoc. developed by General American
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Research Division (GARD)'of General American Transportation Corporation
(GATX) has the capability of simulating up to 60 sedentary adult shelier

_ Recently, Professor Flanigan and‘co-WOrkers at the University of
Florida suggested the possibility of a dual-purpose shelter ventilating
test vehicle itself to serve both as a ventilating air supply equipment

-and-a single"external” Simoc.'--The -test-vehicle’in addition to_supply-

ing ventilation air would also provide an amount of heat and water vapor

equivalent to the metabolic load (Ref. 8, p. 195). It was anticipated

that. through this technique, the Simocs used in previous tests may prove !

to be unnecessary; howevezlm§§M4939fficient number of tests using this

techhiquevhas been conducted to support this contention.

- Generally, individual Simocs were’used'in the small, family-type

shelter tests, and aggregate Simocs were used in.the large, community

‘shelter tests, In a few of the tests conducted by the University of
Florida, both individual and aggregate Simocs were used at the same éite~

" in order to compare tests results.®»2%,11 1t developed that aggregate

"ffSimbcs‘were not appropriate for family-type sheltefsA(around 10 occupants),

since the Simoc blower upéet the ventilating air flow and the heat trans-

 fer process., In a community shelter, with occupancy greater than 50, no.

appreciablé discrepancy could be detected when the two types of Simocs

were interchanged.n
~c. Calibration

.. The aggregate type Simocs could be calibrated to within 3 percenf

" of the standard metabolic heat and water output f the‘average sedentary

‘adults within the normal operating temperature ﬁfﬁge'of 65°F tinO”F.8

This J’pércent—HCturacyQis4snfficient}yﬁrealisti ;-since"the,metabolicnk

energy output {i.e., 400 Btu/hr per occupant) is a statistical average

over a large number and a wide variety of people. The occupants in a
particulur shelter would be a random sample of the entire pcpulation,
and their average metabolic output would probably deviate from the

"Standard" value by more than #3 percent. Furthermore, the percentage

a2 ’ . )
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errors of other shelter ventilation test instruments range from 2 per-

cent to § percent (e.g.. the anemometers used to measure the ventilation

rate have %5 percént accuracy ):\ ) e

d. Comments

Except'for their inability to reproduce the physiological and

psychological responseé of live human occupants as a result of extended

.
;

|
i
| T

prmssizye e T

term of confinement in an extreme environment, the usefulness of Simocs
in shelter tests is much greater than that of live occupants, They
eliminate the effects of possible variations in the "mix” of shelter

occupants and consequently allow a direct comparison between the results

—of different -tests-as far -as the number of occupants-is concerned.  -That -

413, so long as the number of simulated occupants remains the same, a

direct comparison beétween test results for otherwise different shelters

is possible without concern for the effect of sex, individual charac-

teristics; or age groups.

"~ Although the Simocs have proven to be reliable simulators for the
metabolic load, it is our opinion that they will not be usable where
air distribution studies of the shelter interior must be made. The in-
dividual Simoc is constructed so that it contains the surface area of

the average human body, but occupies a volume far in excess of the human

- body due to the Simocs' cylindrical shape. Since they 6pcu§y excess;vé

space, the air circulation in the shelter may be quite different than

,with the presence of live occupants. The mass Simoc on the other hand,

“is a small unit thch can simulate. loads up to 60 oécupants.” The fan -

built into the Simocs can stir the air quite thoroughly, thereby dis-

. rupting any air distribution stﬁdy of the ventilating air.

3. Test Procedures ' o e o

~a. Typical Test Procedure

Sites usually chosen for shelter ventilation tests were heavily

constructed buildings that met the géné;;imrequirements for nse as fall-

out éhelters. In a typical test program, thermocouples and other sensing

devices were installed in the shelter area and iis boundaries (including
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the back f1il1 material and soil outside the walls in the case of an
underground shelter) to record temperature,‘humidity, and other pertinent
1nformation. The shelter floor area was measured and the number of

occupants was determined on the basis of 10 ft /occupant The shelter

load was in turn based on the number of occupants,

From local weather data, diurnal temperature cycles represernting the
extreme summer weather were developed and designated the design day tem-
perature cycle (Sec. VIII-C). The shelter was ventilated with conditioned
air whose psychrometric conditions conformed to the design day cycle.

Conversion of the ambient air to conform to the design day cycle was

.performed by a specially designed teet vehiclet’ Temperatures, humid-
" ities, and other information measured from the various sensors, were

‘regularly recorded.

b, Variations in fest FProcedures

.Slight procedural differences distinquished elmost every shelter

“ventilation test, There were two main reasons for these variations in

test proceduree: One was'to'take,advantage of experience gathered from

-iearlier tests, the other was to permit studies of the effect of new

ﬁarameters. The significant uariations in test procedures are presented;

-1t 1s not.intended to account for all the minor differences.

i. Variations in Ventilation Rate

Constant veutilation rate tests--The ventilation rate was

held constant throughout the entire test period to permit studies of

shelter temperature .esponses as a function of time,

'Adjustments in ventilation rate—-AdJustments in ventilation

rate~were!madewwhenever.xheASETWeitherwexceededfnrwfell;shortwo£_85°F.

The purpbse of the adjustments was to determine the ventilation rate for
that particular shelter that would maintain the SET in the proximity
of 85°F,

"No Ventilation" Tests--These tests were performed to permit

studies of the heat-transfer characteristics of a particular shelter,

The adjusted heat generated by the Simocs caused the SET to rise until
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. Florida,® three or four days were hsually‘required for the environmental

‘conditions in the below ground shelters to stabilize after each change
in ventilation rate.

' would be most informative."

" “conform with the design day ‘conditions of each particular test location.

day cycle.

.data taken where the periods between changes of ventilation rates were,

~the theoretical studies ‘and the 1eihted computer program, a procedure

the génerated heat was balanced by the‘heat transmitted through the
shelter boundaries. A separate experiment simulated the rate of rise
of the SET during the button-up period.

ii. Variations of Inlet Air Conditions

Design day cycle for a specific test location--The majority

of shelter ventilating tests were done with the inlet air conditioned to

Design day cycle of other geographical areaq—-During a

portion of GATX Wilmington test," the summer design day conditions for
Phoenix and Milwaukee were used in addition to the Wilmington design

Use of ambient air--The ventilating tests using ambient

air, though comparatively few in number yielded what we regard as the

most useful information. For further discussion, see Sec. X-D.

¢. Discussion

The test reports indicate that in most cases the ventilation rates.

were altered several times during the course of each test. In almost

all instances the changes were too frequent, As indicated by both the

results of NBS computer calculations? and the tests of University of

There is thus a‘question as to thé validity of test

less than three days.

- If the ventilation test results are to be used principallv to verifvm

e I~

using ambient sir at a constant ventilation rate throvghout the test

It is not imperative thav the ventilation
rate produce a critical SET, since the same temperéture data compiled

- during the test can be used in the analytical model for comparison of

the analytical results with the test results.,
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4, Use of Conditioned Air for Design Day Simulation‘

- The large number of uncertain parameters‘involved in shelter‘venti-

lation problems makes it extremely difficult to arrive at precise and

valid solutions.r if'Qéaidvéﬁpéérbthen, fh&f expérimental ventilation

e AR T T Mgy

7

tests should be designed to deal with as few uncertain paramaters at

one time as is possible--preferably one. The use of Simocs to simulate

,.live occupants in most of the shelter tests being evaluated, for example,
is a good example of an attempt to glimiggte the inevitable inhomogeneity - %
of live occupants. The no-ventilation tests were also a thoughtful
‘attempt to isolate that portion of the problem dealing with heat trans-

mission through shelter boundaries,

__On the other hand, justification of conditioned ventilating air in

most of the tests is unclear. The majority of the early shelter venti-

lation experiments were carried out using conditioned air, i.e., ambient

e i e

‘air conditioned to an appreciably higher effective temperature. Accord-
'1ng1y, a new psychrometric element was added to the heat transfer problen,
and the quantity of hea; transmitted through the shelter boundaries be-
came a function of the artificially produced environment. The rate of

heat transmission through shelter boundaries represents a major "un-

certainty” in the overall shelter vehtilgtion_problem.

The original purpose of using conditioned»inlet air cleariy was to
simuiate an ambient environment representing the summer design criteria,

ther-by enabling determination of the ventilation rate required to main-

tain the shelter condition at a tolerable.lével However, in many cases,
Vthi# purpose was defeated, principally‘beca e= it is impossible to
" determine the extent of the error intfoduéed. I1f conditioned ventilating
air can be used to simulate a summer design-ambient-environment,- the

actual ambient air surrounding the shelter during the test is cooler

than the air being introduced to the shelter interior; hence, the rate
of heat transfer through the boundaries is greater than in the case of
ventilation by ambient air at summer design-day level. Because of this

greater transfer rate, a lower flow rate of conditioned air would

“actually be indicated during the test to maintain a design environment




Rl R

. -4

i within the shelter. Tﬁ;"}equired ventilation rate predicted using this

method would, therefore, be inadequate unless some idea of the transmis-

§ I " sion loss is known and the ventilation rate value is corrected.

‘ . B GATX attempted to compensate for the additional heat loss through

- " the shelter.boundariés by supplying extra heat to the shclter to offset

;
4 : A ‘ the additicnal loss. During the tests, the heat output was modulated

- according to the ambient diurnal swing. 1In order to defermine thé

--quantity of hzat-to be added, -it was—necessarymtO"determine“the“)é}1"”“‘“”“”“M”“”““’”’”“
"~ transmission coefficient.

The energy balance method of obtaining the

(P N - transmission loss was used, followed by the solution for the transrer

rcoefficient - The coefficient obtained was also checked with that

B S £ I obtained from the heat flux meters. Unfortuiately, the degree of accu-

-racy of the heat transmission coefficient determined in such circum-
stances is 'in question,

The basic heat transfer equationé illustrate the compounding effect
of the total error when _the transfer coefficient is in error. 1If Q is ‘%

the calculated heat loss through the boundary walls and Q is the cal-

culated net heat loss if. ambient 2ir were at the same level as the con-

ditioned air, then the compensating heatvrequired‘would he:

Y '% : ‘ I L-9 = UeA {<Tsh - Tamb) - (Tsh - Tcon)]

it
[=1
3
Can )
-3

[}
-3

where

SRR I S g

]
]

A calculated coefficient of heat transfer

A = area of boundary surface

H

s &3

T Tymy? @8RG T o =T shelter, “ambient, and conditioned T T T

air dry-bulb temperature, respec-
tivelv . ) e

) : Z" : 1f, for example, U is less than the true value of U by sU, then the

boundary walls would actually transmit more heat than the quantity Q

i
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3
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by .the amount SUA (T ), and Qh of the auxiliary heater would be

underrated by the amount 6UA (T -7 ). —
on amb

The ventilation rate required would tend to be decreased by both
of the above factors., Thus, miscalculation of U coefficient has a

compounding effect on the total error, in this case an underprediction

—¥~4—WA;€;~wof the required ventilation rate, --The opposite will hold true 1f U; R—

.. 1s larger than the true value of U,

- In exceptional cases, conditioned'air may be used with little

error. One such case 1s shelter ventilation tests conducted in the

~~~~~ summer-months of -completely underground shelters.~w8ecause—the-soil'»

’ temﬁerature is close to its'normal summer tempefatuie and because of

.the relatively ihsensitivity of the ground temperature to the ambient
air temperature change, the effect ef introduc¢ing eondifioned air

" slightly warmer than fhe ambient introduces very little veriation from
the results using ambient air. In cases where the percentage of total
heat dissipated through the boundary walls is small, a substantial error
1n the determination of U results 1n a small varistion in the ventilation
requirements. Under such circumstances, the use of ‘the conditioned air

with make—up heaters would be justified.

Mention qhould be made here of the extensive theoretical calcula-
“"tions of heat loss made by Dr., Kusuda of NBS and his sssociates., While'
* this formal ‘mathematical formulation was extremely well executed, the

team’ experienced great difficulty in estab’ishing precise heat transfer
coefficients for the various shelter boundary materials, If the amount
of heat loss could indeed be. accurately predicted the shelter ventila-

tion problem would almost completely be solved,

It is the opinion of the authors that one chief purpose of the
experimental shelter ventilation test should be and is determining the

validity of the theoretical model. Therefore, the use of ambient air

in ventilation tests would produce the most informative data, for




'
I

even though the temperature
of the ambient aijr’ may be below that of some typical "design day” for
a test location,

comparison with the theoretical results,

It 1is apparent that GATX personnel came to favor this
- method during their shelter tests;

program,

during the later stages of the test
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Appendix C N
SUMMARY OF REVIEWED CONTRACTOR REPORTS

Three contractors have done the greater portion of the work in

mshelter ventilation testing.

National Bureau of Standards (NBS),

University of Florida, and General American Transportation Corporation
(GATX)

" The chief role of NBS was to investigate the use of mathematical

" models in digital computer programs as means ot predicting shelter ther~

mal responses of primarily under-ground shelters. ‘University of Florida

’ carried out under—ground shelter ventilation tests‘at ‘various geographical

locations in the U.S, Much of the pnysical data were supplied to NBS to

verify results obtained from the computer programs GATX investigated

both theoretically and experimentally the ventilation problens of above-
ground shelters. o

~Other participating contractors included the University of Syracuse,
Guy C. Panero Co., and IIT Research Institute.

1. Reports from National Bureau of Standards

In all the NBS work that SRI has studied, the test;‘the analyses,

and reporting have been competent and thorough. Brief descriptions and

comments on each of the seven reports are given in the’following.

'Studies .of Environmental Factors in a Family-Size Underground

T g

Shelter” (March 1961\5*—Descr1bes the construction and test of a very

small underground shelter, suitable for six occupants, designed and built

in accordarce with OCD specifications. Extensive data_were gathered from

this test without reference to any prior mathematical theory or model.
However, some of the results could'be misleading beceuse of the small size
of the shelter and the fact that heated and conditioned air was used in
cold weatner. As an example, there was considerable condensation on the

walls in most tests, enough to have a noticeable effect on the heat‘and
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humidity balances. This may have been an artifact cf the cold ground and
‘heated air used, because in most subsequent summer (more realistic) tests
by other contractors, condensatiou on the walls did not szem to he .i

appreciable.

-

-The small size; of the shelter seems to present an unnecessary com=

plication for later analysis, One ventilation unit of any reasonable

"size would ‘be more/than “sufficient for-such a small- shelter, regardless — |

" of its geographical location provided that ambient can be used for venti- }

i

'*iaiibhl Furthermore, very small shelters are particularlv difficult to
simulate because of three*dime1sional heat transfer, large surface-to-

volume ratio, and the resulting high heat losses through the ‘walls.

ﬁuathematical Analysis of Temperature Rise in ‘the Heat Conduction

Region of an Underground Shelter"” (1962)!5--Deals with transient heat

conduction between deeply buried, idealized shelter shapes and thetir
surrounding soil. The shapes of the shelter cavities are assumed to he
cylindrical; spherical,‘etc , such that the solutions to the heat A

E equation of these highly symmetrical shaoes a *e readily available. }Good
explanations of the derivations and assumptions for the analytic formulas
are given. It was found that a two-dimensional cylindrical model gave

‘ good results with the most probable parameter values for the one small

family‘size shelter that had been tested and reported in Ref. 5,

»

"Earth Temperature and Thermal Diffusivity at Selected Stations in

the U.S." (Februai, 1965)17—-Covers the fitting of assumed equations to

earth temperature data previously gathered by various. nvestigators.
Least—square techniques were applied. The results cf this study allow
description of the ground temperature as a sinusoidal function of time

oo lof -the year-and depth from the surface, provided the following four

parameters are given:

(1) . Annual average temperature (air and ground approximately equal),
(2) Annual amplitude of surface tehperature,
.(3) Thermal diffusivity of the earth, and

(4) Surface temperature's phase angle, from 1 January.
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An extensive éomputer program and resulting graphs and calculations

¢ are given. The calculations are based upon limited data taken for a

variety of purposes by different investigators, mostly for undisturbed

earth, on open flat ground, either bare or grass-covered, 'No report is

given of the possible effects of locations in metropolitan areas where

the land may have been excavated, back-filled, surrounded ty other

buildings, covered with concrete or asphalt, etc.ﬂhAlso neg]ected are

various realistic factors that would tend to complicate the calculations,

e.g., nonuniformity of the ground with depth; cpﬁposite character pf the 'Nf

walls and floor of the shelter, including the gravel or“other fill beneath
the floor;

) and the varying amounts of moisture that may be in the soil at

different locations.i

‘One potentially useful result of this paper is qrtaﬁle of average

earth temperature to ten-foot depth at various locatién: in the country.

This could be convenient in estimating heat loss through shelter walls if

the shelter conditions correspond sufficiently to the idealistic assump-
tions made herein. h *

"Least Square Technique for the Analysis of ?eriodic Temperatures‘of
‘the Earth's Surface Region'

(September 1965)'%--Gives a thorough mathemati-
cal treatment of the problem of finding the best fit of a sinusoidal

temperature-variation curve to a large amount of miscellaneous data.krA
detailed evaluation of the analyéis on our part did not séeh‘warranfed in
view of the limited need for the resultis on this project and the length

. of time that would have been réquired to check on their particular uses

of harmonic analysis, matrix algebra, variance analysis, and Monte Carlo
i . . simulation techniques.

"Numerical Analyses of the Thermal Environment of Occupied Unde:gfound

Spaces with Finite Cover Using a Digital Computer’ (1964)’3?-0utlines the

derivation and some verification calculations for a digital computer pro-/

gram applied to three of the NBS tests of their six-man shelter and to

one test by the University of Florida of their eighteen-man shelter.

The coefficlents of heat transfsr and wauer vapor transfer necessary

for the computer solution were determined from previous extensive tests
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of the two small shelters, but the coefficients were then later adjusted
by trial and error to produce reasonable agreement between measured. and
'*"i“%~computed temperatures.» In order to ochieve results from this sort of :
- computer simulation that would be useful in design of the ventilation
-system for a given shelter, it would be necessary that all the data and

coefficients that enter into the mathematical equations be available and

'““***“"**“wwnslightly different programs for simulating t e _temperature and humidity

invariant-with- time, -in a“tualiuj,,the many necessary numbers are neither

available nor constant.

"Digital Computer Simulation of Thermal Environment in Occupied

Underground Protective Structures” (January 1965 1°--Describes four

histories of shelters. ‘These programs or mathematical models differ in

the number and type of simplﬁfying assumpti "# made regarding the homo-

k”geneity and threeedimensionality of the shelter boundaries. The objective
.. of the study was to evaluate the accuraey of digital computer prognans
that had been substantially worked out in‘preceding projects. Computer
‘calculetions_WGre.carried out and compared with experimental data for
seven different underground shelters under various conditions.‘ The
- comparisons in general were good. ‘From comparing the computed and
measured results, NBS concluded that a given set of heat transfer coé
efficients could be applied for most of the: ipmmer shelter conditions
. encountered. These numbers may turn out to be very useful, but due to
- the limited amount of e perimental data available NBS was not able to
. say how typical the numbers are on a nationrwide basis.
Outdoor Air Psychrometric Criteria fol >ummer Ventilation of

Protection Shelters' (January 1905)2°-~A very well thought-out and well-

done piece of work, seeming to give practical results of ambient cooling.

There is a good introduction and explanation of the problem, and the

method of approach seems quite logical and thorough; wi thout being overly

elaborate, Analysis is based on the "adiabatic-wall model.” Since this
" is the basis for our recommendztions, Appendix D is devoted to the dis-b

cussions of this model and it is not described in detail here, Suffice

it to say that this rather short paper is filled with useful information,

references to computer programs that are available to compute effective

a4 B
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‘ temperature and to handle hourly coincident temperature data, and could

stand alone as’ a guide for preparing a design method for shelter venti~

lation systems. The paper does not pretend to present a method for
simulating the environment in any shelter.under an y arbitrary conditions;

however, no such simulation is required for the design job at hand. The

authors see the probiem for a realistic engineering viewpoint and recognize

~ that there are many parameters and characteristics of individual shelters

which would nt remain constant with time even if they could be measured,

_so that any extensive analysis based on idealized numbers becomes of little
- practical use.

Previons study results may still have application in future

;7 : ‘ studies of heat transfer to large masses of earth in other problems,. but

i they ‘are not of importance in allocating ‘shelter ventilating equipments.m”

From the brief desrriptions of each of the seven NB3 reports above,

it is seen that the shelter ventilation research undertaken by NBS was

done systematically.' Even the initial experimental effort was designed

to provide data for later analytical studies., The mathematical formulation

of the problem indicated the importance of the properties of earth envel—

oping any underground shelter, and therefore initiaved the study of earth

temperature and thermal diffusivity. Realizing the complications involved

in this problem, a digital computer program was devised to solve the . ﬂ

mathematical problem, followed immediately by an evaluation of the valid-

ity of the program. The next logical step is to utilize the available
B o computer program to study the influence of each of the large number of

. parameters involved in this problem. The result of this parametrie study

‘will hopefully ellminate some of the less influential parameters. Never—

theless, it can be expected that most parameters—-among thém the thermal
coeffiéients-—will remain,

To date, these coefficients are not readily

any further development of the digital computer program capable of simu-
lating shelter environmental conditions.

The same reasoning leads to
favoring the adiabatic model, which does not require any knowledge of
these coefficients,

e
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2. . Reports from University of Florida
a. General

~_Beginning early in 1962, ‘the University ot Florida participated in a -

‘research program instituted by the OCD to investigate ‘envirommental con-
- ditions in fallout shelters. ‘Twenty~five shelter sites in various parts
" of the U.S. were chosen for shelter ventilation tests. Shelters were

4almost all of the below-ground or partially below—ground type and ranged

in size from a 12-occupant family shelter to a 1000—occupant community-
type shelter. Tests covered the period July 1962 to December 1964.
Results of shelter tests were submitted in jndividual reports. A final

report summarizing the test program was also submitted.

In a concurrent program, the National Bureau of Standards (NBS)
1nvestigated the use of mathematical models in a computer program as a
means for predicting shelter responses resulting from variations of
ground thermal properties, shelter configurations, and ventilation rates.
Physical data obtained during the Florida shelter test program were
supplied to NBS as 1nput fOr checking the validity of results using the

mathematical model.

The work program consisted of a series of simulated occupancy tests,

principally in underground shelters under summer weather conditions
s

encountered in various geographical locations 1n the U.S. Simocs were

used to represent human metabolic energy release within the shelters.

in most cases, the inlet ventilation air was condxtioned to simulate a

) design summer day weather. The shelter ventilation test vehicle was used’

to supply the controlled 1nlet air,. Shelters were instrumented as

described in Part 3 of Appendix B. Reports were prepared for each shelter

- test, giving test results and including data sheets. In nearly all of

re e s rim e

the tests, the ventilation rate was varied and the rate required to

maintain the shelter effective temperature (SET) near 85°F was determined.

b. Reports on Individual Shelter Tests

The following points up special features associated with certain

shelter tests performed by the University of Florida.,
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‘ (1) The Summerlin shelter® was a small familg—type shelter

g Sl ' with a capacity of 18 occupants at 10 ft“/occupant.

; . ‘ The shelter was unusual in that the shell was made of
1/8-inch steel plate place below grade, thereby pre-
venting any absorption or release of moisture from the

“interior walls and eliminating this variable, Indivi-
dual Simocs. and mass Simocs were used interchangeably,
but due to the small size of the shelter, results from

‘ the mass Simocs were not considered valid on account of
the effect from the large fan. Heat balances were cal-

[ N <. e culated using .the method of total energy storage by the

} B : surrounding soil. Heat absorbed by the surrounding soil

‘accounted for approximately 25 percent of the total,

o ‘even ‘though the ampient air ET peak was above 85°F,

“illustrating the magnitude of boundary losses for small
shelters even in warm climate.

(2) The Napier shelter in Gainesv111e Florida“ was an..
earth-covered shelter designed for 100 occupants at a
space allotment of 16 ft /occupant During the series
of tests, the individual Simocs were compared with the
use of a combination of individual Simocs and mass
Simocs. Data observed showed no discernible difference.

+ A test was also performed to examine the reduction R

, achievable in the ventilation rate due to auxiliary -y

;/// : o : cocling devices. In one test run, cooling coil in a

. i o . 18 X 35 X 9-inch enclosure was installed within the

schelter area sg@ that interior air was recirculated
through the coil. Water was circulated at 12 gpm

: (6000 1b/hr). The inlet water temperature was rela-

3 ‘ . tively warm (72.2°F}), but a water temperature rise of
3.45°F was recorded. The test took place in August 1962;
however, a ventilation rate of 3 cfm per occupant main-
‘tained the SET just below B5°F, The water coils removed
51 percent ¢f the total heat generated. Condensation

o S ‘ ‘ collected and measured indicated a removal of 38 percent
f . ‘ : . of the moisture generated by the occupants.

e AR .. 'For shelters in locales where the supply of water is

3 : N . ‘ abundant the use of a water cooling system minimizes

; 3 the air ventilation requirement. Further studies are

X ? : ‘ necessary in order to specify the optimum cooling equip-
ment that may be used 1or a particular shelter

(3) “At the Bureau of Yards and Docks Protective Shelter at
the National Naval Medical Center in Bethesda, Maryland,??
a test was performed during 17 February 1962 through
2 March 1962 by the Navy. One hundred human subjects
. . : were used as occupants. The shelter ventilation tests
k 3 using Simocs conducted at the same site by -the University
of Florida during 28 February-1i1 March 1584 were designed
to duplicate as nearly as ‘possible conditions that pre-
vailed during the manned occupancy test.

The purpose was
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" . to compare the thermal response of the shelter under
the two methods of test and to confirm if possible,
the validity of the test of shelters employing Simocs,
The outputs from the Simocs were varied.during the

~ test. As a result of test data it was concluded that
when operated at a rate of 400 Btu/hour total output,
and with the latent heat portion of this output adjusted
‘to conform with the shelter DBT, the individual-type

~ Simocs closely duplicate the thermal effects of seden~

" .tary young adult males exposed to the same volume and
conditions of ventilating air. Although additional e e
series ¢f tests using both human occupants and Simocs
had not been performed, it is reasonable to conclude
that Simocs generating 400 Btu/h/occ closely represent
the human metabolic load when used in shelter tests.

(4) As part of a series of shelter tests, a fire test was
. conducted in an underground parking garage at Mercury, T I y—
Nevada.?? Fire was created on the ground above the
" shelter and was allowed to burn out completely. Test
results skowed that the amourt of earth cover that was
sufficient to protect against radiation was also adegquate
inzulation to prevent the shelter from being thermally
disturbed. Control of carbon monoxide, however, would
4 _ C be necesgsary. ; 2 i

(5) 1n a shelter test conducted at Lakeside, California,?®?
an experiment was made as to the possibility of simu-
lating metabolic load without the use of Simocs. Through
means available in the air handling equipment trailer,
the,additional‘necessary sensible and latent metabolic

) ) loads were added to the ventilating air prior to being

- ‘ '~ .introduced into the shelter. Test results were compared

: -with tests using Simocs and found to be coincident within . .

the limit of experimental error. The convenience of

using this method would depend upon whether there would

be a need for the equipment trailer in any future shelter

ventilation experiments. ’

c. Final Report

~ The final report® génerally summarizes the shelter ventilation tests.

Subject matter discussed in addition to the ventilationm tests includes—

-development of a parametric relationship, as follows:

A parametric relationsﬁip Qas developed of those péfnmeters

affecting the shelter environment and based on the correlation of test
" results. The basic equation takes the form ET = A + 8 (1 - Y-aT), where

X and a are constants to be determined. This relationship defines the

48




ET‘path, from the initial state of the shelter, as a function of the
number of days of cornfinement. It is dependent uponﬁ
(1) "A," the initial undisturbed ET of the shelter (in
turn based on weather data and ground temperature).

(2) "B," the difference between ET at the start of the

o : test and after stabilization.

(3) f%," the time in number of days expected for the
; ’ shelter ET to rise to a certain percentage of the

[,

e --stabilization temperature.— (This- value -is taken ——--
from the Drucker study?? of the rate of temperature
rise in a shelter.)

(4) A series of graphs developed from éxperimental data.

The applicability of the rate. of temperature rise as defined by the
Drucker information over a wide range of below~g*ound shelters is not
made clear. Meption‘is made that a good agreement was indicated ia a
comparison of a plot of sheltér conditions obtained using low flow rate,
‘with the curve generatéd by 'Dr. brucker.( It would seem that this would
limit the general applicability of the expression, and that fof different
‘shelter'conditions, it may be required to use different values of T with
iespeét to the same perééntégevéf ﬁékihuﬁ temperature rise.

Accuracy of the'equation‘depends on a relatively reliable de§ign
value of A, The set of curves‘obtained from experimental results are
drawn on an average basis through scattered points. The valﬁe of B is

obtained from the curve. ' It would éppear thaf} i: the quantity B is
made khown, the ventilation fequirement for the shelter would be deter-
mined since B is dependent‘on the ventilation rate. 7Tne points along the
experimental shelter temperature rise curve would denote the daily average
shelter cunditions. The hourly condition is defined by the assumed
sinusoidal expression added to the basic relationship. A severe condition
~would be defined by the repetition of the periodie dlurnal cycle of the
design day superimposed on the basic curve. Although the report shows
‘that the temperature rise curve developed using this methoa agreed closely
» with the curves of average daily temperatures from the Ft. Belvouir shelter

expériment_(and also the experiment by NBS), a more thorough aﬁalysis is

necessary for its justification to the application to all under-ground
shelters, o
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_-3. General American Transportation Corporation»wi L

- 9 Shelter Ventilation Tests

‘A series of shelter ventilation tests were performed by General [REIEE RS Py

i»American Transportation Corporation \GATx) during the period of Oc¢tober

. 1962 to Septerber 1964 Shelters were mostly those above ground All
B tests except the Chicago test were conducted during periods of warm ©

weather, since the primary aim of the program was to consider summer

ventilation requirements.r It is generally concluded that tasts have

“been™ conducted'in sufficient~combinations of shelter geographical loca-ru S

tions, types, configurations, and sizes, to ensure a thorough study of

perameters affecting shclter environment.

" After complete evaluation of the shelter tests GATX recommends
strongly that, for large above-ground shelters, the ventilation systems
“ be designed to remove the entire thermal load generated within the

~.shelter, For a below-ground shelter, a similar recommendation is made

fprovided the summer soil temperature approximates the time average of
,v the ambient dry-bulb temperature. Experimental data and results as well
as thefanalytical studies support this recommendation. Experiments have
" also supported their recommendation that’ the 24-hour average temperature

data be used to determine shelter conditions.

In the series ot experiments conducted considerable attj tion was

~given to the study of the heat transfer phenomena through the [shelter g “"‘“‘f

:boundaries. ‘In addition to temperature readings, heat transfdn data were

7i obtained by means of heat flux transducers placed in contact /ith the

‘ shelter—surfaces*rrThe—magnitude—of~heat#transferwwaseeompare withethe, 3 _ : —
“enthalpy balance and the conduction equation using the coefficient of SR !
heat transfer obtained from the ASHRAE Guide. Initially, wide discre-‘»l . ~_~,1~§-:;
'pancies were found in the heat transfer values determined by the ‘
different methods, but with improvement of techniques and proper applica-
tion of published transmission coefficient values, confidence was devel-

oped in the values obtained using the heat-flux transducers.,

In their computer program (see next section) used for analytical i

prediction of shelter conditions, empirical data were supplied. The
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analytical predictions agreed”closely with the-experimental results. In

all tests it was shown that some energy was lost through the shelter

boundary; however, most of the tests were conducted during a period when

the.ambient temperature was slightly lower than the design summer con-
dition.

TR TR e 1 e ¢ - -
R

It was concluded following the tests that only a small percentage

AR ST

(less than 20 percent) of the total metabolic heat generated within most

large shelters will be lost by heat transfer during hot summer weather,

In the‘tests of Houston, Texas, Milwaukee, Wisconsin, and Wilmington,' 7

‘North Carolina, several auxiliary tests were performed in connection with

“the ventilation program.

A nonventilated test waevﬁerformed to gain
- knowledge of the transfer rates 1in the shelter walls.‘

Only sensible heat K
~was used for the internal load

, and the heat output adjusted to maintain :

‘an equilibrium condition in the shelter. By observing the average temper-

_ . ‘ i
. ature differential, the magnitude of the heat transfer coefficient was |

obtained.

. A limited number of natural ventilation tests were performed.

Average air flow rates were calculated using the water balance method

g ] : of the moisture added to the shelter by Simocs. No general correlationf‘

could be obtained between the wind velocities, ventilation rate, and the

R e T

,,,,,

S ee et o gShelterx openings because of the limited extent of the tests but specific
L " results were obtained for the respective shelters.

AT S

P . In the Wilmington above-ground test, inlet al: was conditioned to

& ‘ simulate the summer design day of Wilmington, Milwaukee, and Phoenix in
I - . -

i : : ‘ separate experimcnts; The excess transmission loss due to the difference

between the average of the design supply temperature and actual ambient
'Atemperature was returned to the shelter by electric heaters.

e A

There was i
a substantial difference in the ventilation rate required when compensa- 5

ting heaters were used. In the Wilmington design day test where the - vt

comparison was made, the rate required was 20 cfm per occupsnt with \

h aters versus 9 cfm per occupant without heaters.

" The data showed,
however,

that the inlet conditions were not exactly the same. 1In the

the only test performed was that
of determining the ventilation rate required to maintain the SET to an
average of 85°F, ‘

Milwaukee and Phoenix simulated tests,
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'f\;perind,‘fvv-rimencs in each phase of spec‘ e tasts wer, ot 'rr4 short
fdura‘;on. *he longest being three days.

'dto the shelter under test f

[mation sourras during the development of the analyticnl program. As a

'TTn'wbo‘e tests were spread ove* e one‘ye«r ner ad "brourho't this

SR obta;ned vere specxfic

ventilat;on rate, only a limited amount of effort was devoied to pzoblems

‘of air distrlbution and natural ventilat*an aud 1uch that was iearned

e’afed to the individual shelters tested Howxver considerable vernll

.‘know;edge was. gained through tb°se lnittal tests which served as info:— o

result of experience gained durxng this perlod techniques and proccdures

for subsequent tests were much 1mproved

b." Tests for Evaluation of Analytical Work

Under a separate contract, an analytical procedure ior predicting

' the shelter conditions was developed by GATX. In'the subsequent‘tests

1nvolving sheltersvat Bozeman, Montana and Providence, Rhodedlsland;'the
analytical nethod was used to predict the. shelter conditions and the
results evaluated by comparing the predictions with the experimental
data. ' '

The test at Bozeman?3 1nvolved an above—ground shelter in whicn a

corner portion only was used because of the large size of the total area.

'vThus two walls were exposed to the exterior while the remainder was

Vadjacent to the interlor area This introduced an lnteresting problem“

in that when the analytical model predictions were compared with the

) Since the expe*'ments were best studied by*means or controlled --Aee_;vm";;_

L i, i g e i A e 1
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test results, agreement was very close'wtth'the“exception'of~one -period

" when’ the weather had cooled suddenly.r The deviation was due to the fyt—'
'fdirference between the actual temperature response of the 1nterior area

i adjacent to the shelter and the calculated response, slnce only the

weather data and inlet conditions we:e used as 1nput data. When the
actual test data of the adjacent area was used, the predicted and test
data weie‘in‘agreement The ‘mathematical model has generally been
proven; however, it was found ‘that the model could not be appl‘ed to

shelters adjacent to an unoccupied perimeter area. It is limited by the
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inability to predict the adjacent interior temperatures. Based on experi-

mental observations, however, it was concluded that the adiabatic model

still applies for determining ventilaiion requirements of shelters
... _adjolning a perlmeter area. ' o

e e oo e

“In order to compare the psychrometric response of the area tested .

with that of the entirebarea. the enrire floor area was evaluated

annlytically. A comparison of the analytical time history of the tontal

 area, the test data and the analytical results of the Shelter test’area

k'showudvclose agreement., it was concluded therefore, that the test area

e experimentally evaluated is representative of the total area.‘

The test at Providence, Rhcde Island* was also performed in con-~
- ‘ junction with the mathematical znalysis.

' using ambient air at a constant supply rate, was the only such test of

long duration and using ambient air,

This 1l4-day continuous test,

Valuahle information was obtained
g _7, " 'regarding the relationship between adiabat;e and nonadiabatic trensient
E.‘ ,analysis, sterdy-siate conditions based on the time average of the

E‘ o transient conditions, and the experimental results. The Providence
E: T test, because of its informative nature, i

discussed more fully in Part
_ 4 of Appendix ¥, B L

As a result of the emprasis on the adiabatic method of determining
"shelter ventilation requirements, GATX has developed a set ot curves of’
. Adequacy Faztor as a function of ventilation,rate based on the adiabatic

model (see Part 2 of Appendix D). Further use of this information was

'
"
r
£
i
3

¥

made in developing isoventilation contour lines preqented on a geo—
M’;M | graphxcal map of-the U.S. ~(Fig. D~8).- o e

i Other noteworthy GATX reports include Ref. 25, which summarizes

the parametric studies of shelters; Ref. 26, which sumMmarizes the experi- ‘ , i

mental studies of the shelters tested; and Ref. 2, which presents the

‘procedure for solution based on a SImplified model.

The program undertaken by GATX on shelter ventilation requirements

covered the evaluation of the major parameters. Thorough work was done

in the performance of the tests and the correlation of the analytical %

‘and the test results in relation to ventilation-requirements. The
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"-problems of air distribution within the shelter and that of making air e L %y-

L available to the srelter (natural ventilation, ventilation systems) are

'!1an extension of the ventilation program now being undertakenfw

AT R oS

L T ;Ld Reports from Syracuse University

The following two reports prepared by s group led by Proft Drucker‘

”of Syracuse University rave been reviewed by SRI. ff]»L-

(1) ‘Thermal Environment in Community Shelters (1963) 27’df

R R '“T;fi.' f '( ) ~"A Generalized Computer Program-to Anal'ze ‘the Thermal - '>;~4ﬂw>tv
' 3 g Environment in Protective Structures (1965) 24 o ' i

In both reports, the shelter ventilation problem is approached .
B _theoretica’ly The mathematicul equations !ornulated consist, as in ‘ o S
most theo"etical studies of this problem, of coupled energy balance o ‘
equations nnd Heat transfer equations, and computers are chosen as means

to obtaining solutions from these equations. The first solved the
mathematical probiem by means o! an analog computer and the second with
digitai conputer.~ v j‘ :;, B : : t“f“ “:;x S B "é
In Re,. 27 ‘six types of shelters (described below), each of which

could be a representative of a large number of designated shelters, were

AN Wb

examined. This gross division of shelters into a few basic types is a
' very practicaikthought. (Forkfurther,discussion of this approach, see |

Part 2 of Appendix ¥.)

In Re! 27 a demunstration was af!orded of the meaning of "para-

o Bk L 54BN

metric study.~' Such a study was made to determine the influences of

3 miarbmben s i

i e Bl et

‘ various parameters upon tne“sheIter“temperatureS“*JThts was-donc by
o calculating the ‘shelter temperature response as a function of a single 'fj ;'llua
varying parameter while holding the rest of the parameters constant.VWf;'
. The tigures in Hei. 27 show that the shelter DBT and SET varied no greater
than one degree when either the earth conductivity was varied trom ;

0. 3 Qtu/hr-ft-°F to 1.15 Btu/hr-tt-°F, or the earth initial temperature

R T DR OREIS AP PSR RSN VIR PR

was varied irom 65°F to 71°F. These figures are reproduced in Figs. C- ;
through C-3. In Ref. 24, it was mentioned that the output from the ‘

digital computer was given in such a form that the SET was a function of

e ———— o by e
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~.curve shows that_the shelter temperature has s minimum value at certain

ventilation rate, air-cooling rate, and period of occupation Although
no explicit diagrams were orovided in the report to show the effects of

each of the three paraneters, they nevertheless can be constructed.

A question is raised regarding Fig. C-1 In that Iigure. the Q = 6

specific value of earth conductivity. It was rot explatnea ‘why the

shelter temperature should have a mlnimum instead of being a monotonic
function of earth conductivity.

In Ref. 27, a great portion of the analog compiter results are U

precented in the form ot diagrams plotting shelter dry-buln temperature

and ET against ventilation rate per person for various types of shelter

configurations studied. A few of these figures are reproduced in Fig. c-3,

with the adiabatic curves added. The Roman numerals tagged onto these

gures signify the types of shelters'
T | Under-ground arch shelter
I1 Avove-ground rectangular parallel- ptped shelter

111 Under-ground rertangular parallel-piped shelter

1w ngh—rise rectangular parallel-piped shelter in the
case of a building

v High'rxse rectangular parallel-piped shelter
adjacent to ambients

Via Above-ground portion of a dual-level shelter

© VIb ,Under—groendvportion of a dual-level shelter,

It is interesting to notice that the above-ground single-sinry

shelter (Type I1) 1s farther away from the adiabatic curve than the

P T AL Y AL 5 AR S T R N

under-ground shelter (Types I and 111}, Here therefore, is an exampie
that-contradicts the'general inference that above-ground shelters can
normally be considered adiabatic in warm climate,

Although the formulation of the mathematical problem and the pro-
grams for the computers were competently dohe in both reports, the

acquisition of the final numerical results still depends on the same
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.‘efficients should be used for a particular ehelter. Some arbitrary h‘"

’crucial problem that NBS faced that is, what values of ‘thermal co-

,average values of these coefficients/were used in both reports‘

5,:-Reports from'Guy‘B. Panero,blncj'

AR TR A ST T B AN A A e i s n aes ra e st sy

fo

/

: tilation tests for OCD each test was the subject of an interim report.

: the natural and forced ventilation is a )et—unan=wered question and i?

‘tilation. The purpose of these supplementary periods,of forced ventila-

. tion was chiefly to determine the corresponding ventilation rate obtain—

_ of natural ventilation is not possible.

permitting it to sweep across the shelter volume by opening up windows’

“The final report summarized ‘these reports. All eight tests were essen~5f_,j

is given of the work done by Panero.

Guy B. Panero, Inc., has carried out a total of eight shelter ven-

tially natural ventilation tests, and since in the present °RI report,

emphasis is on a review of forced—ventilation tests, only a brief summary

It is proper to mention that it 1is not the intention, in this report
to correlate the results of natural ventilation tests with those ‘using :
forced ventilation. The natural ventilation tests,'as we understand it, - T

are. continuing.t It is generally believed that the mutual supplement of e

deserves further research.

As mentioned earlier, all eight tests used essentiallv natural

ventilation, occasionally supplemented by short periods of forced ven-' k

able from natural ventilation. A direct measurement of ventilation rate

- A1 of the eight tests -were carried out in New York City and v
viecinity. The test results are not readily applicable to similar types

of buildings located in different parts of the country.

It was found that, tor natural draft crosswind ven'ilation is more'

efficient than updraft ventilation in an above-ground shelter., The term ’

"crosswind" refers to that kind which utilizes the outdoor natural wind '

facing in appropriate directions. The term 'up-draft ventilation" refers
to air circulation caused by temperature differential, normally called

the "scack" effect.

T ey,




In most of the eight tests, whenever the natural ventilation alone

ﬁas insufficient to keep the shelter effective temperature below 85°F,

in 5 percent summer design day weather and at rated occupancy (10 ftz/occ),

the number of square feet of floor space per occupant was increased until

L L ‘ natural ventilation alone was in fact sufficient to maintain a shelter
effective temperature below 85°F,

One valusble discovery from these tests was that the "air exchange"

between the shelter space and its surrounding rooms, the shelter space s

”M;me_;;”mw;“; normally. represented by the central corridor areas, could be very effec—
R tive in preventing the shelter effective temperature from rising too fast
during the initial button-up stage.

Table C-I summarizes the eight tests.

6. U.S. Naval Radiological Defense Laboratory3?!

This was one of the earliest shelter environmental tests conducted ‘ ‘ '

under contract by OCD., Both Simoc and human occupancy tests involving

100 occupants were conducted in an underground standard Navy Ammunition
Hut. The temperature of the shelter remained within comfortéble liﬁits
during the 14-day occupancy. Simocs.were first used as a precautionary
measure, The Simocs used weré improvised, using five-gallon paint pails,‘ ‘ K

v T . with nichrome heating wires mounted within., Moisture was provided by = . | §

: dripping water onto cotton flannel coverings, and water flow was regulated
by a valve. The amount of water to be added was varied with the dry-bulb
tgmpérature of the room center.

ST S

-'“’;_ The air flow rate, heat conducted through the walls. and metabolic . - :
g output, as well as the pertinent shelter temperatures, were measured or
calculated.

R

R O R
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Appendix D

PSYCHKOMETRIC CRITERIA OF AMBIENT AIR
AND RELATIONSHIP TO PHYSIOLOGICAL CRITERIA

el For- practically all” fallout sheltérs thé major portion of the “thermal
‘ load generated in the shelter will be removed by the ventilatihg air in

the summor months, In order properly to determine the minimum required‘\\

ventilation rate (RVR) for maintaining survival conditions on a summer
day, the design criteria of the ambient ventilating air for all geograph-

ical locations must be established. Various approaches have been presented

for establishing the design outdoor condition of the air. One principal

source of data would be the United States Weather Bureau (USWB), which
makes available records of" coincident hourly dry-bulb and wet ‘bulb tempera‘

-tures for the principal cities of the U.S. The National Bureau of Stan-

dards (NBS) and General American Transportation Corp. (GATX) have presented
‘.discussions on various approaches to the determination o? psychrometric
criteria. - Relevant portions from the -article by Kusuda and Achenbach?®
and from the reports by GATX are discussed in the following sections,
since the material deals directly with the development'of.the outdoor
- design temperature criteria that would be iised in determining shelter
ventilation requirements. ' »

1. The Singie*?oint Criterion

in tﬁe single-point criterion method, a single psychrometric point

is used as the outdoor'air design criteria. This point is established

by any two parameters ona psychrometric chart, such as the ary-bulb T

temperature (DBT) and wet-bulb temperature (WBT). The '"design" WBT

and DBT for the cooling load are listed independentlz for various cities
in the ASHRAE Guide (Ref. 1, Chap. 27) and classified as 1 percent,
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2-1/2 percent, and 5 percent design days.* These data represent the per-

centage of the four summer months during which i1t might be expected that

the design temperature would be equalled or exceeded.

The National Bureau of Standards has lllustrated one approach for

determining the single-point criterion. The 1, 2-1/2, 5, and 10 percent

values of noncoincident, separately listed DBT and WBT were taken from

.. the ASHRAE Guide and the weather data of Army, Navy, and Air Force Manual

and used as a basis. These‘data were, in the example, actually treated

as coincident in order tc compare the percentage of hours that the pro-

posed design temperatures would be equalled or exceeded. -Results for- . - -

_ studies of data from three cities (Houston, Phoenix, and Minneapolis)

are summarized in Table D~ and are based on a nine to ten year summer

weather record, (A detailed table is included in the original paper by

NBS.) Taking from the table the § percent‘criterionAas an example, it is

seen that when the 5 percent DBT and 5 percent WBT were used as coincident

-data, the percentages of excess hourst were 0.6, 0.2, and 1.7 percent for

the three cities, respectively. The lower percentage values indicate

that by assuming coincidence between the independent design DBT's and

WBT's, the ventilation requirement computed ‘would turn out to be over-

conservative (for an adiabatic shelter model).

* The design DBT is emphasized in air conditioning’problems, since

tha

" -heat transfer from the outside surroundings into the building usually

constitutes a greater part of the cooling load; excepted are such

of high occupant concentration as auditoriums and theaters. Sivce most
of the ventilating air inside the building is normally recirculated and
a minimum of outSide air added for replenishment, the outside WBT is

considered ounly in determining the load om the conditioning equipment:

places

i D

The indoor relative humidity is controlled by the apparatus dew point
and reheaters if used. Thus the approach to this problem is different

- ~from that of the shelter ventilation problem.

t The term "excess hours”

as used in this report is the totallnours for

which the assumed coincident WBT and DBT were equalled or exceeded over

a ten-year period, This is in keeping with the definition in the ASHRAE

Guide for summer design, which refers to the summer hours (%) 'at or

above' the design temperature of interest., NBS lists separately

the

number of hours that exactly equal and the number that exceed this
criterion. The two categories must therefore be totalled in order to

compare results with the ASHRAE design day.
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e ____1s seen_that this method is slightly more. realxstic than the method of

- National Bureau of Standards has also pointed out that the shelter

effective temperature (SET) is more sensitive to outdoor WBT than =0 the-wm

 outdoor DBT in the region of 83° to 85° ET. Figure D-1 (courtesy of

F. A. Allen) illustrates the effect of the DBT and WBT on the ET. On
this basis, enother poseible eingleepoint design criterion was presented.
For the three example cities, the 1, 2. 5 ‘5, and 10 percent WBT's wese
"listed together with the DBT's that occurred most frequently with each
respective WBT. The total excess hours expressed}in percent using
weather data of the three cities are also presented in Table D-I. It
using the combination of the independent dry-bulb end &et:golb design

temperatures, but there are still considerable 1nconsistenc*es in the

excess hour percentages depending on the location of the c‘ties, for

example, a 5 percent wet-bulb with the most frequent dry-bulb design
criteria‘in Table D~1 shows 0.94 percent, 1.2 percent; 3.1 percent for
Houston Phoenix and Minneapolis, respectively., Other possible design
criteria--uuing parametexs such as maximum temperature, maximum daily
aversge and maximum weekly average——were analyzed and found to pnssess

" similar weaknesses.

Thre single psychrometric point criterion assumes, of course, a

’ steady—state condition of the ventilating air and would be a conVendent

one. If such a criterion'could be determined, a chart such as shown in
Fig. D-3 or D-4, below,'could ‘be used to determine shelter ventilation
for an adiabatic.shelter. However to date, it was notrposeible to pro;
pose a8 system that would determine the single-point criterion in which

the "percent design day” value would be consistent to all parts of the

uU.S. There does not appear to be ai any orderly mannér in s whieh*to*estab—*—w——‘~

" 1ish the single psychrometric point criterion.

In spite of this difficulty, the possibility of the use of the

'single-point criterion should not be eliminated, si<ce the percent design

day data are so readily.availabie. With the assignment c¢f proper correc-
tion factors, the single-point method would be applied where independent
calculations of ventilation rates in special locations may be needed and

where adequacy factor curvesb(discussed below) are not available,
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i .2, Adequscy Factor - l RS : s ,’7 S S
| ’ ; | R T e
: The ventilation adequacy factor, or simply the adequacy factor (AF), :
1s the proportion of the total time (e.g., month, year, decade, etc.) '
_during which a shelter condition may be expected to be maiutained at or
" below a given ET with a given ventilation rate. The adequacy factor is
a probability tactorueffclimate,occurrence developed from coincident T E,”

weather data and may be expressed as a decimal er a percenfage. The £

guthors generally agree on the recommendations of NBS and GATX for accep- i

» 3
tance of the adequacy factor method of determining the basic ventilation £

S o oo-rate. S : : , : : - T
- Development of Adequacy Factor—-Weather Matrix é
Adequacy factors based on the hourly data are derived from the hourly" E
£
coincident DBT and WBT records {such as those of the National Weather ;
Record Center of the U,S. Weather Bureau). The process of determining %
the adequacy factor can be seen in a matrix listing'the frequencies of é
occurrence of the coincident DBT and WBT. 1In tne paper by Kusuda and g
Achenbach,?! a matrix (Fig. D-2) was developed as an 1llustration using ;
the coincident annual weather data for Bduston, Texas., In this figure, %
WET-BULB TEMPERATURE, °F -
o ) ) ‘.e>o “,J ub ;7—14\ u:v.‘ w = ,,.“’ -.3“«; W % 4.3 m 6o “ % B v ot th oW » I ;‘ P
RS o s ;
u: . % b ‘ " - e Tewas i“ E
‘g é O e

< i :
® Yo :
8 G §
3 i {
w U . z
- o [ :

el T jj i
-d = il i
2 4 y
[ B bt} K

r s
& o5 ‘

(=} p ?:5 1

} . i :.( :
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SOURCE" Rel 20 -~ . - :
FIG. D=2 MATRIX PERCENTAGE FREQUENCY TABULATION o

OF COINCIDENT DRY-BULB AND WET-BULB TEMPERATURES, . ;

HOUSTON, TEXAS. Isoventilation rate boundaries for SET of 85° F s

indicated by lines ;




“the freq;ency of occurrence tor ehch coincident combinatién‘bf DET and
WBT is expressed in the matrik as percentage values of the}fbtal hours
" comprising the year. For each of the combinations b:'butabor'ngr and WBT
shown on the matrix, a required ventilation rate (th) in cfm per person
to maintain a certain SET was determined, based on ah adiabatic model and

a shelter load of 400 Btu/hqur per person, fhus lines connecting the

" points of equal ventiiation on the matrix would represent isoventilation- o B

;_ . rate lines, It is apparent from Fig. D-2 that, for a schific ventilation

rate, air at many combinations of DBT and WBT is able to maintain a’ spe-

eific SET (85°F in this case). 1In Fig. D-3, which was developed by GATX,

--1soventilation lines are shown on a psychrometrie~chart.<—Each isoven—-—w——~—

tilarion line on Fig. D-3 defines the RVR of any comblnatinn of venttlat-
“ing air DBT and WBT required to maintain a SET of 85°F, \Figu.e D-4
~shows vent}lation required for maintaining 82°? ET.) The 85°F ET 1line on :
} L Fig., D-3 (and the 82°F ET line on Fig. D-4) would represent an isoven-
\ | tilation line of an infinite ventilation rate, . (More accnfate charts

3 S " which would supercede charts D—3 and D-4 are being developed, )

‘The isoventilation lines on the matrix (Fig. D-2) were actually re~
produced from the isoventilatioﬁ lines originally developed cn the'psychro—
metric chart. In this particular matrix, by totalling all the iudividual
percentage figures lying on the upper left-hand side of a given isoventila~
tion rate line, the AF is obtained for that specific \entilntion rate which
would maintain a certaln SET. (A different set of isoventilétioh lines

would be drawn for different SET criteria on the same matrit.) In Fig. D-2,

. as an example, the sum of all percentages to the upper left of the 7-cfm

per person line would indicate a percentage of hours (adequacy tnctor

or AF) for which the 7-cfm rate would maintain a SET of 85°F or below,

'Thus, a criterion is developed for determining ventilatioh rates

%: oo whereby it is possible to establish a specific adequacy factor ipplicable

to all parts of the country in which coincident weather data are available.

General American Transportation Corporation has recently completed
weather studies of 91 principal population centers in the U. S., and based

on this informatinn, have prepared the following information:
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(1) Complete tabl 5 of AF as a fanction of RVR per occupant,.
' -from 3 cfm to{infinity in increments of 1 cfm, and Zor ET
from 75°F thr qugh 90°F, compiled for each of the 91 cities.

) (2) Tables of RVR per occupant as a function of AF 1n incre-
... ments of 1 pedcent, for ET from 75°F through 90°F, com- .
: piled for eac of the 91 cities. ~

(3) _Curves of AF 3s a function at ventilation rate for a

family of ET
91 cities.

(4) Matrices of h urly frequencies of coincident hourly DBT -
... and WBT, bacaq on a 10-year weather bureau record, ~and
N compiled for ach of the 81 cities., - ‘

rom 7e°r through 90°r,,comp11ed for the

‘'record for the period o

- (87,648 hours).

‘ a portion of the 91 set'

ln the matrix deve oped by GATX [Item (4) above] ‘a ten—year hourly

weather record was used|for each city, As an example, the matrix for

San Antonic,.Texas is reproduced in Fig. D-5, and covers the weather

_September 1949 through August 1959, The fre-

each coincident DBT and WBT are tabulated in

quency of occurrences o
number of hours, the total hours constituting a 10-year period
Because the "adequacy factor versus ventildtion A

rate” iuformatiod is based on a long-term weather record, the infor-

mation can be readily used as that representing a typical year.

'The curves of AF a -8 function of RVR [Item (3) above1 were prepared

from ‘data extracted fro the matrices. In Fig. D-6 are shown curves of
AF as a function of ven ilation rate for eight of the cities, representing
of curves that were prepared by GATX .These are

Dbased on the hourly weather data.

b.’ Adequacy Factol Based on Daily Average Temperature Data

The possible appligation of the daily average temperature was studied
intensively by GATX. I their several shelter experiments, it was ob-

served that, in general _the SET did not vary more than i2°F from the

average during any one day, even with a relatively large diurnal fluctua:
tion of the ambient temperature. Because of this relatively small varia-
tion, the determination of the shelter ventilation rates based on the
shelter daily average effective temperature appeared feasible. The
analysis of data taken from shelter experiments, some of which were con-

ducted for 14 days, 1nd*cated that_there was close.agreement between the
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time-average values of the transient analysis and steady-state analysis
using daily average data (see Sec. X-D). An obvivus advantage of the

" daily average data is the reduéed quantity of data used compared to the
hourly data.

e ... Based on the above reasons, GATX developed AF curves using daily
average temperature data. In this case, daily average DBT and WBT are
usea, and the frequencies of occurrence in number of_ggzg are tabulated
in a matrix. The ventilation rates required fpr each of the coincident
gets aré determined similarly as 1n'the hourly data mentjoned in Part a,

above. The ventilation AF using the daily average data is, therefore," ”””’“'”**f"*“

the proportion of fhe éxpected number of days out of the total number of

days per year, that a certain ventilation rate will maintain a certain
daily average SET or less.

Adequacy factor/ventilation rate curves based on the daiiy average

data are shown in Fig.'D~7. These are curves of the same eight cities

for which the hourly curves are shown in Fig. D-6. The RVR's obtained ' ‘

from the hourly data are, as expected, more conservative. In the regions

of the country where the RVR is relatively low, there is very little dif-
ference in the rafe obtained using either of the methods, Compéfisons i
: oo of ihe RVR's obtained by the hourly and daiiy average data are presented

in the next part of this appendix.

c. The Shelter Effective Temperature/Adequacy, Factor Criterion

In order to determine the RVR from the AF curves, thebcriterion of
shelter effective temperature with respect to .adequacy factor (SET/AF) i

‘must be established. As an example, ventilation rate requiremehts were

determined using the SET/AF of 82°F/90% and compared with the rates

for 85°F/95¥%. Required ventilation rates were obtained !fom both the
hourly and daily avefage AF curves (Figs. D-6 and D-7); Table D-II sum- _ '
marizes the RVR's.using these two SET/AF criteria. From these results ' ‘1i'

(and also from observation of the AF curves of other cities) it is seen B
that the RVR obtained firom hourly or average daily weather data does not ) ,"
differ greatly in areas where the RVR 1s small; however, significant dif-

fefences are noted in areas wkere the RVR is larger. Of more importance i
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| | Table D-11 . .
w e siofeo- REQUIRED VENTILATION RATES FOR TWO SET/AF CRITERIA - o iomoo |

i i s

CFM Using the Criteris CFM Using tne Criteria i

of 82°F ET at 90% AF of 85°F ET at 95% AF i

Hourly Daily Average Hourly Daily Average %

Data Data Data " Data §

) 77| Seattle, Wash, 5.8 5.6 5.5 | - 5.3

Denver, Colo. 7.4 1 6.1 5.9 i

Minneapolis, Minn. | 9.2 9. | s 7.8 . "

Washington, D.C. ‘14,1 - 13.7 11.5 11 ’ S '
.;rucson, Ariz. Coae | aa, 5 . foar. {10 b

Miami, Fla. S T 25 18 |

Phoenix, Ariz, - SR - 18 §

Houston; Tex. ' - - 25 22 §'

kY

;is the dif!erehée in RVR with varying SET/AF'criteria. Table D il shows
that the RVR from daily average data at a SET/AF_of 82°/90% is in every °

- case greatér'than”the requirements using the hourly data at the 85°/95% cri-

Ly
it

- terion and illustiates the impact of the ériteria. For a particular eri-

4
e
%
‘

terion, the RVR hsingkthe daily average data would be less than that 6btained
by using the hourly data, Shelter design condition cannot be maintained

-at Houstoﬁ usiﬁg ambient air at th. 82°/90% SET/AF criterion, but a reason-
able RVR (22 to 25 cfm) would be sufficient for a 85°/95% criterion.

The importavce of a prudent ‘choice of SET/AF criterion is therefore
fstressed.' The determination of this criterion involves the study of
" physiological toleran”es and the establishment of a probability factor

of not exceeding the design temperature. Weather criteria and economic

factors (equipment costs) will affect the choice of the probability

factor.'

. C e e
The effective temperature as a measure of physiological response has | '

been discussed in Appendix A, It was mentioned that a SET value of 85°F
has been utilized only as a reference criterion to enable various tests
results.to be compared. More recently an adjusted ET criterion recom-

mended for shelter environment has been presented in a report by

94
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\ , : o

\ ‘ o w. E. Strope. 28 An ET value of 82°F has been recommended based upon
R e v .
\

studies by physiologlsts and physicians of. heat stress on- humans.,

The criterion using average temperature does not take into account

the maximum and minimum temperatures of the daily cycle' hpwever, results

nt«several,shelter tests have shown that the SET.do not very more,thanﬁﬂheher
i2°F from the average during any one day. The physiologichl efféct ofx_

this small ‘increase above the average may or may not be critical, depend-
-ing upon the 1eve1 ‘of the average shelter temperature criteria., :Becausé

ot the small daily amplitude of the SET and the close agreement between'

‘ the predicted and test resul s using average values, it was eoncluded
oo by GATX thatsthe analysis of]

?helte. environment be based bn the datly
average temperature, Such an analysis of test results would then be

greatly simpiified. The prediction of the ventilation rate-can be accom-

_plished by reference to the AF curves, s;nce this becomes steady—state
problem., ' No method has yet been developed for establishing a consistent
"average daily dry-bulb and wet-bulb temperature” criterioh, which in
essence‘is a single-point-criterion that can be used in a teady—state
analysis. This difficulty was seen in the weather matrices (Part 1 of
this section)'where the RVR was defined by any of many comhinations of

DBT and WBT. This led to the’adequacy factor method o?f determining the
required shelter ventilation rate, '

For establishing basic data such, as the AF curves, 1t ls sreterable

5
i
3
1

to use hourly data, since sth data are readily available Eor'appreximately

. i
400 stations 1n the U.S. . There ‘is no reason to dispense with valuable in-

formation by averaging, especlally since hourly data must he used in order‘
. Tto obtain the averages.‘““*_"h“*“'" e T R

S

SRR S e g

'For the analyses of shelter test results, several reasons have already ‘

heen presented to support the use of averaged shelter teﬁperatuves.

d. Application of the Adequacy Factor Curves

i There has been much discussion on the shelter conditi¢n that nay'be
‘ expected during extreme weather conditions {during the perlod expressed
by the inadequacy factor). While it might be generally accepted that the

shelterees would be able to tolerate peak ET's for short periods of time,

1 95
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the time depending upon the magnitude of the peak,-no method has yet

been developed for estimating the duration of the extreme condition,

RIS W 130 e o Amaa st S

ma Ao i oSttt ettt e e 1 ot e o

| L - sthce the AF represents a probability factor thattthe shelter4wou1d
: o be maintained at a certain ET, it would be logical to study the shelter
W“”"“ﬁ””'ﬁ“"‘“““**"ﬁ—wconditiou -that. may ‘be. expected during extreme weather conditions, say at

the 99% AF level. After the ventilation rate is obtained from the curve,wu

PRI RS P O RSP

a slight adjustment of this RVR may improve shelter conditions consider-

ably in an extreme condition. - This can be seen in the AF/RVR curves,

ST

gy

‘that 1is, if the slope of the curve is steep in the region where the

‘RVR value 1o read a slight increase ‘in ventilation rate woiild~ yield‘““""“*"m—:—

5

“a substantial 1ncrease in the AF. On the other hand, in the region
-where the AF-CFM curve is flat, a decrease in venti]ation rate will af—

fect the shelter condition very little.

kbt conse e i tw'w..,l T

- TO'illustrate these points, auxiliary curves shown in Fig. D-8 were

N SR et A SR AR et

e e B

drawn from data extracted from the curves of Fig. D-7. 1In Fig. D-8 two
curves are drawn for each of six cities. These represent CFM lines ob-

tained from the two SET/AF criteria of B2°F/90% and 85°F/95%, respectively.

(From the observation of the curves on hand of 91 cities, the curves of
the eight cities appear to be a representative eross section of the ex-~ - é
”7i‘ A"Hﬂ"”tfeme'cenditibns'that’prevail throughout the U.S.) The graphs were pre-

sented in this form to give some indication of the shelter conditions

i o
R it S e i s

that may be expected under severe ambient conditious ot 99% AF when ‘ !
] bventilated a2t the rate determined by the'above criteria. T . -
% :From the observations of the curﬁes, in general, the cities with a é E
eé,,_ e low RVR tend tgmbgzersharper increases in SET when severe climate is en- ] f é
g countered (99% AF). ﬁo;ever,'a sliéﬁt increase in the RVR is able t6 —*~*§~§~~¥
§ bring down the ETs to a more tolerable condition. This is evidenced in i
§ the graph for Seattle where at the RVR of 5,3 cfn (determinad at 85°F/95% é
° ' % critetiej! the SET can be expected to rise to 90°F at Sg%wﬁg: An increase %
é' of 1.3 cfm (to 6.6 cfm) would decrease the severe shelter ET to 85°F; ' §

(This increase is equivalent to a SET/AF criterion of 82°F/96%.) By

observation of the other curves of cities with a relative low RVR,Ia

similar increase in the ventilation rate can insure against an excessive

s Rt o 0

high shelter ET-at extreme climate conditions,

o W . - B s et
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FIG D-8 SHELTER I:FFECTIVE TEMPERATURE AS A FUNCT!ON OF ADEQUACY FACTOR
AT RATED VENTILATION

"In the case of Miqmi,'where the RVR is large, the 1ﬁcrease”1n‘ETs

" 1s relatively small in extreme hot weather (at 99% AF). From the curve CL E N

it can be seen that the RVR of 41 determined by the 82°/90¢ SET/AF cri~
terioh, would result in a rise only to 84°F at 99%; Inhfhié case eveﬁ'
a decrease in ventilation rate to 30 would cause very little'change in
the shelter condition at 994 AF. | ,

The graphs of Phoenix and Houston are shown in Fig. D-8(g) and
D-8(h). Neither city can be ventilated by ambient air if the 82°F/90% cri-

terion is used. For the city of Phoenix, it is Seen from the curve thsat

®
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no matter hcw’much the’ventilation rnte ievincreaeed, the SET will be
r'86.7° at 99% AF, Above 25 cfm, the curveudoes not change. For Houston,
the curve remains the'eeme‘for‘ventilation rates above 35 cfm. It s
recommended that direct adjustments, as stated earlier in the section,
h be nade of the ventilation rates obtained from the adequacy curves,

The adJustment may be a slight increase or a substantial decrease in

’ ventilation rate depending upon the slope of the AF curve, which in
turn depends upon the geographical region. The adjuetpd ventilation
rate should be used as the bases for developing the ventilation contour'
maps (Fig. D-9). '

.ie;f Discussions on Adequacy Factor

The adequacy factors corresponding to RVR for: maintaining a given ’hr
SET are derived from detailed weather information. This information is
presented in a matrix tabulating the frequencies of occurrences of the -
coincident DBT and WBT.“'

In referring to the ten—year weather matrix shown in Fig. D-4, the;v"

;yfreQuencies of occurrence of the coincidence dry—bulb and wet-bulb tem- f

peratures are ehown in hoursii For the purpose'of further discussion;

let us use a SET/AF'criterion of 82°F/90% In épplying thisfcriterion

_to the matrix, the interpretation would be tbat for all but 10% of the
hours (8765 hours) during a ten—year period (87 650 hours) ‘the design 'SET
‘of 82°F or less will be maintained, for a given ventilation rate in an
adiabatic shelter. Since the data were recorded for a relatively long
period the AF thus derived may be ccnsidered as for a typical year. It d

can then be re-stated that the 90% AF represents 876 hours out of a typical

,MﬂﬁfAyear dhring which it can be expected that the SET of 82°F can be expected

to be exceeded This exemplifies ‘certain weaknesses in the above concept.
First, it ie highly probable’that most of the 876 hours of inadequate
ventilation rate will occur during the four or five summer months of each
year, Secondly, the duration nf each peak period during which a SET of -
82°F 1s exceeded is not determinable. Therefore, the adequacy factor

does not express a true probahility that can he applied to any part of .

the year. For instance, it cannot be said thet for any given day, the

v
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(repres.
the fou
" inadequ
_abiiity

more or

example
ij' i . for the

there a

used as

-cover a
E U.8. 1
ventila
which t
T This wo
applica

day or 2.4 hours.

confinenent occurring during the summer. -

not distributed evenly throughout the year.

that fog the fear would be greater than that for the summer months.

. A mouths of June through September.
N U.S. the

o o longer than four months.

to occur,

ign Day'Weather‘Cycle——Dynamic Criteria )

‘design cbndition would not be exceeded for more fhen 10 percent of the

If'a reasonable essumption is made that the 376 hours

ting 10 percent inadequate hours of the year) would occur during
summer months, then the 876 bours actually represett a 30 percent
cy for the four summer months. The assignment of an overall prob-

or annual AF takes into consideration the probability of shelter

However, since climate ig grouped

Therefore, in comparing AF's,
For .
‘a 97% AF for the one year period would be equivalent to a 91% AF

four summer months. Adequacy factor would be close to 100% for

the remaining eight months.

The ‘design data (DBT and WET tabulated independently) presented in
the ASHRAE Guide (Ref. 1, chap. 27) are based on temperature data of the

While in many of the cities of the
higher DBT's end WBT's occur duriné the four.summer months,

re some cities in which the period of high temperature may extend
‘The period of time (portion of a year) to be

a:basis for determining summer AF should include the total con-

secutive months during which the higher DBT's and WBT's would be likely

- Adequacy facior curves based. on say five summer monthSVShould »
11 of the period of summer weather for nearly all cities of the

n this wny the grouped portion of'the year during which tne‘critical
ion rate may be needed is established, whereas, the period during
he AF would not be meaningful (AF near to 100%) is not considered.

uld'most 1ike1§'be~an improved- approach to establishing a more - .

ble SET/AF criterion.

3. Des

contras

1 ' is used

ThF design day weather cycle is essentially a dynamic criterion, in
t to the static criterion in which a single psychrometric point

as 'a designvparameter for a steady-state condition. The abcve’

cycle c@n be derived from the USWB hourly data for a particular locale,

100

less according to season, the occurrences of inadequate days are N;m“_”d”wr
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temperatures, or other combinations.

pertinent to the shelter location, (Comments on the use of conditioned

—of" phyaiological tolerance ‘toward shelter climate when a design effective

using combinations such as the DBT and WBT data, dry-bulb and dewpoint

In most of the’shelter‘ventilation tests conducted, the air supply

was conditioned to conform to the particular design day temperature cycle

air are made in Appendix B.) Still more importént the dynamic criteria '
in the form of the design day weather cycle must be established 1n orde'

to provide weather input data’ for the transient analysis.

NBS in their’ paper,“° discusses briefly the dynamic or diurnal

criteria to a limited extent only since this involves the further study

temperature 1s exceeded ‘for certain number of hours during the day as a
result of the outdoor diurnal swing.

a, Design Day Cycle as Defined by GATX

General American Transportation Corp., in their shelter ventilation

LA BN e R A At

experiments, used a design day developed in the following manner:

{1) DBT's (hourly) were compiled from the USWB data for
3 summer months of several years. :

(2) The DBT's for each specific hour of the day were
averaged using the data of several years. This con-
stituted the average DBT cvcle. '

(3) From the hourly temperature data (1) a single value
of maximum DBT that is equalled or exceeded for

5 percent of the hours in the three summer months
was found. :

(4) The maximum temperature of the average cycle is .
“elevated to the maximum 5 percent temperature of °
(3) above, Using this as a peak, and increasing the
DBT of the average cycle for all other houss, by the

2y S RYYRTAYIEN A AL

same difference;a 5 percent-dry-bulb—cycle—is-
obtained.

(5) Fron the Weather Bureau wet-bulb data, a single value '
5 percent WBT is obtained. This is used with the T -
single value 5 percent DBT in (3) above to determine
a single design dewpoint temperature., The use of a
constant dewpoint is assumed since from weather data,
the variation of dewpoint for any one day was found
to be small,

101




o Rt Em

(6) The single value of dewpoint thus obtained is assumed to
. oceur with the 5 percent DBT cycle to define the design

. __._ . day weather cycle. The design day ET is developed from . - .- — - —ooom

the DBT cycle and the dewpoint.

It would appear that the "5 percent dry-bulb cycle" could be obteined

oun & more rational basis than that of elevating the average DBT cycle by

a_uniform amount. It is implicitﬁinrthisutechniqueethatAthe amplitude- ofL~~__ee~(~;--

the 5 percent DBT cycle is the same as’the amplitude of the average
D8T cycle. Whether they are always’the same or not is not really known.
It is apparent that the above method of design day cycle was developed

primarily for use in shelter tests, since ventilating air conforming to

¥

the above weather cycle can be easily generated by the OCD test vehicle
by cycling ‘the DBT as a function of the time of day and by maintaining a

constant dewpoint.

b. University of Florida Design Day Cycle--
' Enthalpy and Effective Temperature Criterla

In the final report of the University of Florida entitled ' Simulated

Occupancy Shelter Tests" the possible development of a design ambient

E diurnal cycle based upon either the enthalpy or effective temperature

criteria was discussed. The high de51gn day generated from the data
compiled for Lakeside, Calitornia” was presented as an example in the

form of & DBT cycle with ‘the accompanying WBT cycle. The values used to

’generate these curves represented temperature variations that would not

be exceeded for more than 1 percent of the

ime during any summer season.
It was not mentioned whether the WBT's and; BT's were coincident or in-

dependent. The enthalpy criterion can‘be ’tablishedbby using the 1 per-.

cent design WBT cycle since the measure of!WBT represents a nearly true

{ndication of the enthalpy magnitude. 1t ﬁhs not clear how the corre-

sponding DBT cycle was generated, . For the effective temperature criterion,

" the 1 percent DBT cycle was probably used, but the method by which the

curve was generated of the corresponding WBT cycle is not clear. It is
obvious that the high WBT cycle was not used in the latter case, since
this would produce a similar 'WBT curve as that generated for the enthalpy

criteria.
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It &as commented in thé Lakeside report that- the use of more than
one design day may be necessary since in many cases the period of ambient
climate conditions in a given locality which are most severe with respect

to enthalpy are not always coincident with the periods of highest ET's.

The various criteria can be seen from Fig. D-10 in which the efféctive

o temperature lines are superimposed on‘the chart of Fig. Dfﬁ. "1f the points

.along an ‘isoventilation line are observed, 1t is scen that the ventilation
rate required of the inlet air at a certain ET and enthalpy state can be
the_same as that of the air at a lower ET and higher enthalpy, or vice

versa. 1t is also seen that different ventilation rates are required for

1n1et ‘air at various psychrometric conditionérbut at the same ET or same

enthalpy. Thus it is difficult to establish a criteria based either on

A enthalpy or effective temperature condition of the ventilating air.

Ta~ 4949~ 87

FIG. D~10 COMPARISON OF DESIGN DATA CRITERIA
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¢. Design Day as Developed by IIT Research Institute

IIT Research Institute conducted a series of experiments on a shelter
buried under uniform sand, andrdevelopeo“ehdeéign‘day'oycle'osing summner
weather records ofithe warmer population centers in the U.S. Typical
dato on hot and humid summer conditions in‘four cities'(Washington D.C., z
Dallas, New Orleans, and Atlanta) were selected on basis of high ambient
ET's extending withnrelatively small variations fo;mgeveral days. Hence,
for a continuous 14-day period, these conditions may be considered as

extreme.

It was observed from the data that the highest and lowest DBT's are - . ?
offset trom onefonother by about 12 hours, while dewpoint temperature N »
varies relatively little throughout the day. On the basis of this data,

‘the temperature humidity cycle that Qas selected by IIT Research Institute
1or the shelter ventilation air took the form of a sinusoidal variation - 1

ol the DBT, together with a constant dewpoint temperature.

A sine function diurnal cycle would provide an equation to work from,
and only the value of the amplitude and the maximu . value of the cycle '
need be known. Whether the sine cycle or a cycle made up of hourly dis--
K : j, crete values is more applicable for use as input data would depend on its
end application. For a computer input g set of discrete values may be
»morewuseful, whereas analytical solutions on paper would find the sine
function more appropriate. The sine temperatufe cycle developed by
IIT Research Institute was, based on the data of four cities and represented
a tyﬁical summer day.ﬂ This Was used as input for their shelter tes:s.
‘Such design day weather cycles ii used, would be needed for each in-
dividual city.

d. Discussion

It is necessary to study the various methods of developing the
design day weather cycle in order to establish a dynamic criterion that
may be used as input information for transient analysis. Such criteria

must be derived from a rational use of available weather data.
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In the author's opinion, an example of a more realistic approach

to the development of a design cycie is one in which the hourly points

in the cycle are established by using the 5 percent or 10 percent WBT's
for each hour in combination with a DBT cycle, in which hourly point is
made up of the DBT that occur mbst frequently with the corresponding

S percent (6r 10 perceht) WBT. This criterion is expanded from the

‘ﬁﬁg“ajggﬁggiaﬁ 6E”ihEwéiﬁgféiﬁéfﬁtwﬁfffétfoﬁuﬁgiﬁgmfhew5%{WBTJW1th”mM*WWMWMWA“HHM“““h®;
the most frequent occurring DBT (Part 1 above; also Ref. 20). This

approach really represents an éffort to retain partially the coincidencé'
i? o of DBT and WBT.'
Another reason for suggesting this method was the fact that the SET

is more sensitive to a change in the véntilating air WBT at a constént

DBT than vice versa in a hot environment (SET > 76.4° ET, see Fig. D-1).

The transient analysis of the shélter climate involveé the input
of the'dynamic weathei condition over several consecutive days., By ‘
estahiishing a single design day cycle (for each geographical location), -
there is no alternative but to use the common cycle as weather data input
for each of the successive davs, Since this‘process assﬁmes that thé
high design cycle occurs on consecutive dgys, the ventilation rate 0~
tained from the anélysis would teqd to ﬁe conservative. 1In Part 3 of

- Appendix F, additional discussions are presented on the use of the
design day. '
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for computation (adiabetic, nonadiabatic; trﬁnsient, steady—state)

Appendix E

EXTENT OF APPLICABILITY OF WEATHER BUREAU RECORDS
Ventilation and cooling of fallout shelters during occupancK would
generally be accomplished through direct utilizstion of ambient air.

-

Various shelter ventilation tests and studies of weather recordé have T

" shown that the vast majority of the shelters in the U.3. can be ventilated

. directly with ambient air, assuming that the shelter environment is to be

maintained at a relatively high effective temperature as compared to
comfort conditions

: In prder_to establish the design psychrometric conditipn for the
ventilating air available to shelters, the nearby USWB records and/or
other weather service ‘records would be empioyed. Ventilation adequacy

factors with respect 'to particular ET values can be computed from these

records.

It is apparent that'thevkndwledge of the psychrometric éondition of
the shelter proximate air to a given shelter is of prime importance,
since this condition is the major influencing parameter in the computa—

tion of shelter ventilation requirements, regardless of the methods used

Since a reliable prediction of shelter ventilation requirement depends

‘ in turn apon the reliability of available weather data, we have devoted

some efforts to studying the validi<y of weather records_as they may be
applied in determining weather design criteria at the specific shelter

location, Wang,’9 a consulting metebrdiogist, comments as follows:

"There are spproximately 400 official weather statioms in .
.. the U,S. prnviding coincident hourly'records for temperatu*e

and humidity records “for periods varying from 5 to 60 years, -

For the derivation of the adequacy factcr, the nearby USWB

records eré used. However, due to the difference in micro-

environments, the climate of the weather station and exterior
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I climate of a shelter may differ from one anothér,appreciablxt“_

: These differences, which may be thought of as extremely o
localized weather conditions, cause significant bias in
the computation of the ventilation adequacy factér. * Many

“ofithe weather statioﬁs are located at some distance

“from the actual locations of identified shelters,- thereby - . .-
contribﬁting to the discrepancies; also, variation in the

'_ exposure of the weqtheristation to its immediate surroundings
contributes greétli‘to the deviation, As an éxample in

~wv--~—w~mA~w—»_»Athemweather stations located in airports, the humidity and

t temperature recordings may be taken either adJacent to
concrete buildings or over moist grass or over bare soil
of different types. A weather station may be located near
a building, a forest or a body of water; whereas, the

~ shelter surroundings may be entirely different. The

~ differences in temperature between the weather stations

. and the fallout sheiters may range from a few degrees to

'as much as 30°F, and the relative humidity may differ

from 5 to 504. In addition, some of ‘the weather stations

: héve been moved several times from piace to place, but »
~within a limited area; and also, the system of observation

- and 1nstrumentation has been altered from time to time. '

- As a result the reliability of the historical reoords of

. some stations are questionable S S T

: Wang s report discusses in some detail the various sources of )

" ~weather data in the U.S. and climatic data as it may be affected by such

factors as instrumént error and geographical influences, Brief discussions
are presented on methods of modifying climatic data for more realistic
application to localized conditions.‘ Wang has recommended‘that climatice
dats of a localized nature (at several of the shelter sites) be recorded
for a short period of from.two to five years, adopting the volunteer
observation system used by the USWB, The results of such meashrements

could be used to establish statistical correlation between the data
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of the shelter site station and that of_the(USWB. The short-term cli-
"matic data could then be extrapolated toné'lohg—term, Weather Bureau-type
record, more representative of the design conditions of the specific shelter

site,

K ’ While it is genefally agreed that a difference may'exist between

actual climatic conditions at the shelter site and at the official USWB
gtntion, 1t would be a tremendous task to make climatic measurements of

each shelter area and then correlate these sets of data to the official

_records, Grouping or classifying several local shelters might decrease

T the number of’measurementS,“but a large quantity’ of work would remain,"“”"“”” -

. A critical conditions would exist, however, if the weather conditions

of the shelter vicinity were consistently more severe than that recorded
by USWB data for the area.

The initial ventilation requirement information in cfm/occupant
prepared on a nationwide basis by GATX in the form of isoventilation lines .

can be expected to contain discrepancies, since these isoventilation

"contours” are obtained from interpolation of USWB data of the principal

cities,

Since the parameter of climatic data is so dominant in the deter-
mination of shelter ventilation requixements, correlation weather studies
of key population centers are recommended '

{In an adiabatic shelter,
only the climatic

formation is necessary in addition to the data on

the number of occuy nts.) The studies can 1nitially be ‘conducted onva ‘

:small scale with lg blized climatic records kept of urban shelter areas,

It would be'absolut ly necessary to standarize the 1nstrumentation for

all areas, SE“ETB‘

e preliminary tésts prove that discrepancies exist o
‘between the USWB data and the shelter datn, and should those discrep—
“ancies’ greatly influence ventilation requirements, it would be necessary

to plan a more intensive progrem for extended weather tests, Applicable

data that would be eventually developed from these studies would be

extremely beneficial to other fields, such as air conditioning and
agriculture.'
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As a sample comparison, the ambient temperature records from a few
ot the shelter tests were selected at random and compared with the USWB
records of that area for the corresponding test days, The comparative

temperature curves are shown in Figs, E-1 through E-6..

The curves all represent weather cycle of a s‘ngle day. ‘While the

~ discrepancies between the hourly u. S W B. recordings and the

“on site
_ readings at some points are observed to be as high as 10°, it is diffi-

cult to conclude from this brief comparison what the discrepancies would

be over the long term average data. Some of the discrepancies appear to

be simply from the phase . shift of the curve which would be expected since
suck hourly data would not be recorded at exactly the same time by
'dlfferent parties. The Occasional

spikee on: the curve are most likely

due to temporary instrument disconnection. lt would appear ‘that’ occur-
rences such as that mentioned in Dr. Wang s statement difference in

temperature may range as much as 30°F" would be quite rare,
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Appendix F

. DISCUSSION OF SHELTER VENTILATION REQUI#EMENTS
OBTAINED BY USE OF VARIOUS METHODS

Among the large number of reports evaluated, several methods of

Tapproach to the~ sheTEer Ventilation problem have “been outlined. "Among

these are the adiabatic method, steady-state heot trensmission analysis,
"transient heat transmission analysis, one-~dimensional- heat transfer

model, three—dimensional heat transfer model and others. As a result

of our study, we enViSage three different levels of approach to the. —-
'shelter ventilation problem‘

. the adiabatic wall model, corrections to
_be made to the basic adiabatic model and detailed 1nalysis by use of
the computer program, The shelter test program at Providence, Rhode
Island'is also included in this s&stion as it presents a summary of

comparisons of the experimental and analytical resultg,

1. Basic Venti!ation Rate Determined from the Adiabatic Shelter Model

The ventilation requirement obtained from the SET/AF curves repre-

sents the unit rate ( per occupznt) based on an adiabatic shelter and

; : ; i assuming a load of 400 Btu/h/occ. Although the ventilation rate may

. 7.7 _'not be directly applicable to many of the shelters, it establishes a

E . base value to which‘venious correction factors may be applied, deoending

i upon tne degiee‘to which a oarticular shelter approaches the adiabatic
shelter. The authors are in conplete agreement with the several con-
tractors that the adiabatic model should be adopted as a besis for eStab-,,

lishing shelter ventilation requiiements. The reasons are many:

(1) It is kept simple by the elimination of certain less
influential parameters,

(2) 1t decreases the risk of inadequate ventilation /more . #
complex methods may purport to be more accurate but i
leave little margin of safety).

- (3) 1t is a close approximation for determining ventilation

: rates for above-ground shelters located in warmer ",
regions and for large under-ground shelters (low ratio v
of wall-to-floor area). As the confinement period is
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extended to the two weeks, the below-ground shelter
condition will also tend to approach the adiabatic
~ condition, :

{4) Tne basic rate can readily be modified.by adding the o : P
influences of other parameters (see Part 2, below). I

The great value of the adiabaticvmethod is its nfmplicity._ It
disreéards all special features of each individual shelter and the only
information reqdired ié the nuhber of occupants and the geoéraphical
locatlon. Any improvement over the adisbatic method must be capable

_of a more accurate prediétion'of the ventilation rate combined with the

~- requirement thaf the cost of obtaining information resuiting in increased '

accuré&y'is offset by the c05t”savings due to -a decrease in the capacity

i foeele P T, e

: of"—the ventilation systém. S fr e e el Sl e e

2._ Corrections to Adiabatic Results for Boundary Heat Ioss

bRy i

Some adjus*ments may be necessary to whatever basic adiabatic

ventilation rate is determined. The following lists some sugges»ed

adjustments:

" {1)  Adjustment by inspection of the adequacy factor curyve--
. ‘This correction, discussed in Fart 2-d of Appendix D
. involves a .small compensation to prevent excessive
shelter effective temperatures at extreme ambient
.condition, A small increase in ventilation rate may

AL i AT T B R gt

prevent this in some cities; in contrast, for citles .
~with a large required ventilation rate, a substantial".,wm
decrease in the rate will not greatly worsen the i
shelter condition, » ‘ §
(2) .Adjustment for ‘boundary wall losses--The problem of H
determining the amount of heat that would be removed &
through the boundary walls has not been completely i
" solved. Considerable study has been devoted to the 3'
' determination of the magnitude of boundary losses, 2
While it would be impractical to make detailed stuuies i
of-heat—transfer properties of each shelter, 1t may be ;
possible to establish a conservative value c¢f boundary ? .
- - .. loss expressed as a percentage of total shelter load, %
e — . .depending upen the geographical location and type of §

structure. Since the net shelter heat load that
must be removed by the ventilating air would be re-
duced by this percentage, the required ventilation
rate obtained from the adiabatic shelter adeguacy
factor curve can be reduced by a proportional amount,

e AT R R sid A
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In Phase 1 of the National Fallout Shelter Survey,
approximately 375,000 shelters were surveyed by
subcontractors, who obtsined informaticn including

the type of coastruction, A review of this survey.
might indicate the possibility of classifying shelters
into relatively small groups and assigning the value
of the percentage of boundary heat joss for various
type shelters. ’This screening should be kept as
simple as possible and heat loss values kept on the

conservative ¢ide 80 a§ not to reduce the ventilation =

rate excessively, It is recommended that sheltexs
which would not need values adjusted be identified,
that is, treat them as adisbatic shelters so that
atterntion can be directed only toward those cases

- requiring correction.. In cases where the proportion

of boundary loss is relativcly small, a sSubstantial

error in t* . transfer coefficient would have little

effact on the change in the required ventilation rate,

“As an example, in a2 parasmetric study by Dr. Drucker

{Part 4 of Appendix C), it was found that the shelter
effective temperature varied no more than 1°F when

. the earth conductivity coefficient was varied from 0,3

to 1,15 Btu/hr-{ft-°F, By applying a correction factor
based on the percentage of boundary loss, a determina-
tion of the absolute value of the heut transfer
coefficient can probably be avoided, (Even many of the
coefficients found in engineering tables are presented

as a range of values instead of a single finite value.)
Much infcrmation was obtained regarding the proportion of
heat loss through the boundary walls, from the many
shelter experiments, This can be used as a base in

‘estatlishing a procedure for estimating the percentage

loss,

The gijustment made to the basic ventilation rate estab-
lished from the adiabatic model is ap atiempt to correct
a perheps overly conservative result. The above isg a
simple illustration of the type of correction that can

'be made for boundary losses which is the most dominant
. factor that influences shelter heat remcval other than

the ventilating atr itself. Cost of obtaining the

“boundary 16ss information must be carefully considered

as it may offset the reduction in cost of the ventilsting
equipment,  Ualess a shelter is known to have an inordi-
nately nigh percentage of boundary loss, the cost of
correction would most likely not be justified. There-~
fore, it 1s probable in fact that for most shelters,

the ventiiation rstes can be determined using the_ad!abatic
method which involves no correcticn for heat loss,
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'2.(3)" For a very limited number of shelters, it is possible .
o for heat to flow into the shelter through the boundary ‘
‘m»evmiq»fmgﬁnwalls due to solar effects. Since shelters are initially.
i . chosen for their radiation protection factor, most would
" be sufficiently protected from heat gain through the

' walle - Nevertheless for shelters in areas of very high

¥ di y=oulb temperatures, the increase in shelter lond due’

" to hest gain from the environment must not be neglected.

1t 4s therefore.of .importance to determine if ventilation

. requirements, obtained by assuming an adiabatic shelter,
. represents the maximum requirement, that is, does the

. adiabatic method produce the most conservative ventila-
‘-fytionvrate‘ior a given‘set of conditions. ‘

'"_ 3w;~Computer Program,for Transient Analysis mm“;

A parallel program ‘in the study of shelter ventilation was the
development of computer programs for transient analysis of shelter ‘en-
' vironment, General American Transportation Cérporation, National Bureauv
ot Standards, and the University of Syracuse participated in the develop-

‘ment of separate programs. These reports are discussed in Appendix C. _

_ The sophisticated method of determining shelter ventilation rates
using a computer program considers ‘the transient design weather cycle '
as well as the transient heat transfer of the boundary walls. It can
be seen that a detailed input process is involved Moreover, the re¥‘
~13ability of the various input parameters must be established thereby
v'involving a risk of an overly precise calculation based on uncertain
‘;‘ parameters. The weather iniormation input £ instance, is_the result
'\;;of a statistical data from which 1is generate] the'design day (see Part
- v3 of Appendix D). As stated there, in a pure analytical solution, for

‘the dynamic input, the computer is fed the ii ntical design ‘weather - - -

eyeleeioeetheﬁconsecutive,days forlwhich.the nalysis is to be made to

l';predict the shelter ventilation rate required The actual veather '
”occurrence of consecutive design days is an extreme condition there—
'fore, this factor would expect to provide a conservative result It.

_would he difficult for instance, to develop a' design 14 day cycle.

The mathematical part of the heat transmission problenm, complicated
as it is, is nevertheless well treated by the proJect personnel of NBS
GATX, and Syracuse University. Both analog and digital methods were
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' used in obtaining computer solutions to the mathematical problems. All

of these methods were able to predict shelter conditioens to 2 reasonably
accurate degree, provided that the necessary input parameters were accurate,
The heat transfer coefficients are relatively uncertain and difficult to
obtain. In the theoretical work done by NBS (Ref 13) it was -eiated
~thet-coefficients obtained after a great deal of effort did not result

in close agreement between theoretical and experimental results, and

. further trial and error adjustment had to be made,

" The éeveralvcomputer.programs:developed yielded results that agreed

" -closely with the-experimental results, when the-actual weasther inputs "

were used together with much detailed information regarding the shelter
: ‘ _ properties,

The method of detailed analysis implies that each shelter can be
analyzed individually, but it is questionable how readily such a pro-

;‘ o % : gram can be applied to the vast number of shelters involved.

The computer program has served nevertheless, to provide analysis ’
' for instantaneous shelter conditions.

Thus the changee in shelter con-~ :
" ditions during the initial period, the time to reach temperature ‘

" stability, end the effect of boundary heat losses over a long period of

- confinement can be studied. As a result of its application in the ex-

perimenté performed, a high degree oi confidence has been established

in its value, although for the present its use is limiued Since there

are several programs that are operable and which are basically similar, ' :

i1t 1s recommended that a common computer program be established combining

the merits of each of the several existing ones, AItnough the immediate

application of such & program is not definite; it*WOuId serve‘hsma bagie

" tool for analysis of shelter conditions when further need for analysis
arises, '

SN e ST
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4, . Comparison of Experimental and Analytical Results-

Reference has been made in various portions of this report to the
ventilstion‘tests performed at.Providence, Rhode Island, by GATX,

Throagh the experience and knowledge gained from numerous previous
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: shelter tests performed by several contractors,'the experimental pro—

’??jeedures and techniques of recent tests have ‘been greatly improved and . - - o e

“aapplied to the Providence'test resulting in more meaningiul information.

,'A'summary of the Providence test is presented since much conclusive '

information was contained in it comparing the experimental results with

predictions from the analytical program.

" The test was conducted in an identified fallout shelter in the sub—
: basement of the State Capitol huilding in Providence Rhode Island The

'.‘sshelter consisted of an .pshaped area and was marked for 500 occupants

"days (continuous), during which time ambient air was supplied at a near
,'constant rate of 8. 5 ctm/occ. Simocs were used to simulate the metabolic

load In addition to tempera*ure and humidity measuremeuts, hea. meters

S

Af»ilwere insta’led on all walls.

) Data supplied to the computer program cons sted of measured hourly
Mfgbtemperatures, estimated cloud cover, day of the year, latitude of the
- shelter location, ventilation rate, shelter 1oad and shelter configura—

l’f*»tion and construction details.

k, A time history of the shelter conditions resulting from the foxlowing

' methods were compared: -

(1) TThe predicted transient shelter conditions using'
oo input data supplied to the computer program )

; (2j:fThe predicted trensient shelter environment assuming
N an adiabatic model, ’ :

'"f”(a) “The time average of the adiabatic curve.,';

Tfin an aréa of 4690 £t (9.4 £t /occ) The duration of the test was 14 'ﬁ"““f;#%=‘m

i

- f4}~—1he experimental_results._

» L7fPigure F-l is reproduced from the report of the Providence test and
"”*;‘shows comparisons of the shelter DBT and ET variations over the 14-day '

‘ Vfii:period ot the experimental and analytical results. .These results show

. p;»y'ﬂ‘h 'that the predicted and measured values, Item (1) and (4) above, are in

-Hvery close agreement.- The close agreement between the two curves would

ind‘cate that the heat transmission analysis was performed quite accurately. :
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fThe deviation oi the adiabatic ‘shelter prediction curve [ltem (2)

‘ ”above] from ‘the experimental results is principally, due to the trans~
'f;“f mission losses. - An observation of the curve shows that the adiabatic -
:[curve approaches the experimental curve as the test progresses, indicating

';a decrease in heat loss rate because ot the gradual rise in the adjacent

garea temperatures.‘ The test was not necessarily run under design day con-
’ditions, but - on a summer design day the heat loas would be dtcreased I

'considerably and the adiabatic condition may therefore be closely approached

In addition to the comparisons of the transient conditions, the

;steady-state results were compared Twenty-four-hour average values were

‘ obtained ‘of the transient shelter predict101 results ‘and of the experi- o
‘mental results. These were generally in agreement within 1 5°F ‘ On this
basis it was ‘suggested that the shelters be analyzed using daily average
temperatures, thereby simplifying the problem. It is anticipated that
additional analysis of data of other shelter experinents or the perfor-

" ‘mance of further shelter tests will support this fact, (The merits of
lﬁ;”‘daily average data are also discussed in Part 2-b of Appendix B, )

It was seen from a comparison of the analytical and the experimental

; results that the computer program is in fact able to accurately predict :
'5'psychrometric conditions of shelters of this type using test input data,

, Since the experiment was not carried on during a design summer day, the

.. -ventilation requiremﬂnt determined was not the requirement for a design

' ambient condition.‘ The value oi the computer program lies however in the -

J'Tiact that a design day cycle may be used as an input to determine the e

: ]j~critical ventilation requirement (Part 3 of Appendix D suggests a L
method for obtaining the des*gn day cycle ) 1t would have been interesting

woin the Providence analysis to have obtained & aummor ventilation“reQUIre- e

- nent independent of the ambient input and based on the Providence design

=-f:by the adequacy factrr method (Part 2 of Appendix D)

B Since the computer program defines the transient condition in the
“shelter, 1t would allow an observation of the frequency and the number of

hours that the shelter ET may excecd the shelter design criteria.
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T During the Providence axperiment, considerahle confidence in the
powpdl ey Pogiten was suveloped, as was also an increased familZarity
"] © %iih \he techniques ot determining the extent of boundary hest loss,
‘ Little mention was made in the report of the effoct of the other input
) . _ LT } i
parameters, Boundary heat loss follows ventilation rate as the secoqd
o ____most important parameter in determining heat balsnce. ./ S
: 'w,/F‘ The Providence test is the only one of 1ts‘type'in which the test .
: period was carried through for the full 14 days and using ambient air.
o The analytical methed in the form of a computer program has been proven
by comparisons with the tests of Providence and Bozeman.!® It is
o recommended that discussions be held to determine the necessity of’addi-
tional 14-day. tests using ambient air to further verify the comppter pro-
gram and the abplication of the design day cycle, ‘ b
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, Appendix G : , :
METHOD OF PREaENTATION OF VEVTI]ATION INFORMATIOV

The task of determining ventilation systems for indivxdual shelters

- 4would most like..’be undertaken by the local architectural and engineering

'i;organization unde"the supervision by the regional OCD offices or their L

representatives.: Procedures for determining the local shelter ventila~

: tion requiremen*s ‘would have to be prepared in a form suitable for use

o by the shelter designers.

As a result of the extensive shelter ventiletion study program,,ft ‘

'“'various methods of establishing ventilation rates for shelters huve been

';presented, including the computer programs ‘of GATX NBS and Syracuse

University, the chart method qf the, University of Florida,'the single

point criterion system, and the adequacy factor curves, It has been con-

i ocluded previously that the method of determining ventilation rates. from

»the adequacy factor curves (based on an adiabatic shelter} is the most

7practical to date Ventilation rates presented in the form ‘of iso-
ventilation contoui lines on a geographical map of the U.s. (Fig. D—S)
‘were obtained from the adequacy factor curves developed for 91 pr 1pa1

34
icities

The distribution of the ventilation contour lines in Fig. D—8 are :

>f;Asuch that the definition of the ventilation rate is rather coarse,r

especially in the northern portion The question arises whether the~'>

';'data for the sections compris1ng the cities and vicinity should be more'

finely broken down Expansion of weather studies to additional centers‘

{r;would make possible the extension of isoventilation contour lines to s
:;ilstate maps In Appendix E it was recommended that studies be made on the ‘
axvalidity ofAthe weather bureau ‘record as applied to the climate of the :u"i
”:é%érimmediate vicinity of the shelters.r Following such studies on several
metropolitan areas, it is believed that decision could be made as to .

~the extentlto which the weather‘criteria areas‘should be broken:down}

'
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The freedom allowed the user to interpolate between the ventilation
--contour lines of Fig. D-8 may introduce 1ncohsistencies from'the correct

ventilation rate, depending upon the user. Information is presented more

positive]y by tabulating specific ventilation rates according to towns or |

counties, or by publishing more finely defined contour lines.

The ventilation rates as presented in tabular d;&éhart faiﬁmﬁ;é'bused'm

“on an adiabatic wall mndel shelter., Instructions fer applying correction

factors - to this basic rate where necessary must be presented with the data.

.In many cases it would not be economically feasible to obtain additional

information for the specific shelters-sc that-the correction-can be -

-“applied to the adiabatic ventilation rate,

Data of the individual DB and WB, 1, 2.5 and 5 percent design day are .

available in the ASHRAE Guice.! For sﬁelter designers who feel the need
for a specific ventilation rate calculation, these data wonld be most
useful, especially where adequacy factor data are not available,,but ‘
‘studies must be made to determine if LOTTECtiOﬂ factors may be applied
to the data in order to establish a single point psychrometric criteria

“Appendix D, Part 1) that can be applied in a consistent manner.

Knowledge of .the derivation and development of the adequacy factor
vand adiabatic‘methOd of determining ventilation rate, as well és famil-
Viarity with physiological tolerances, weather criteria, and boundary heat

lqss phenoména in shellters, will allow the shelter designer to use better
judgmenf invselécting the specific shelter ventilation rates., Ventilation
rates can be caléulated relatively accurate for new shelters in which

‘case the majority of the parameters would be known. Architects and -

ehginccxaviave»hadﬁthe~ ﬁportunitv—to~gain»know1edge'of—the many faéets EERIEEEEE

concerned with the fallout shelter as a result of the Nuclear Defense

: Design courses offered by the OCD,
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gpmination of fallout shelter ventilation requirements to maintain a

: eertain~climate condition within the shelter;-?hese ventilation—re-«-_—~

';pertinent parameters such as tPe weather data, shclter load and
':-;physiological tolerance. Once 8 ventilation rate is established for the
‘3lshelters the design condition of the shelter will not be exceeded ' '

',,ffor more than a predetermined percentage total time) if the required

: problem is one of specifying a ventilation system consisting of air .rvers

L and ducting compatible with a Specific shelter Offhand it would appear

e further study of this particular problem is essential

vpurposes of: ventilating with ambient air.p In a recent study conducted :
: by GATX 1t was found that the ventilation requirements cannot ‘be met in ;_
.8 considerable number of below ‘grade shelters if the standard PVk is used

. This iv due to the lack of sufficient opanings ‘for intake ‘and exhaust

4‘PVK to overcome the pressure drops of the limited existing openings In
S further studies directed toward the development of an optimum design for
>~p'she1ter ventilation equipment the use of several ventilator types mav

" be required including power driven versions so0 that the number of shelter

, _ Appendix H ‘wkv"'h ‘
uo'mr.n covmno‘:s AFFECTING SHELTER VENTILATION L

: The subject matter of the reports reviewed was'primarily the deter- Coe

quirenents, ns discussed in orxr report,‘are a function [ certain

quantity of alr 1s supplied and distributed throughout the shelter.‘ This

that a straightlorward approach would be oossible but it is now clear that

For example the PVK (packaged ventilation kit) was dcveloped for -

air in many of the shelters Bnd also due to the limited capasity of the

““itacilities that can be_ventilated would be increased " ‘This work is pres-

‘flfentl in progress“

' “fi3among other things on the Iocation of the PVK in the shelter, and the
“ proper installation of _the dnctlng system In a recent shelter test

gat the University of West Virginia in which live oc'upants participated

” The amount of ventilating air supplied to the shelter is‘dependent




;ﬁwith this, the plastic ducting was awkwardly aesembled and many kinks

(1ncluding one of the authors) improper location and usage of the venti-

e R oS T

lating equipment had contributed to an 1ntolerab1e cOnd4tion in the shel-
ter. Although the PVK's supplied to the shelter were rated to provide a
"sufficient ventilation rate for the number of shelterees, the air deliv-
‘ered was far below the requirement, The PVK location was poor; comhined S

and restrictions were introduced, thereby reducing substantiaely the per:ﬁ)m‘

formance that could reasonably have been expected with a properly arranged
system, ' ‘ ‘

Studies are also bein~ made by GATk directed toward 1mproved ‘instruc- i
_tions to be supplied with the ventilators. It has also been su?ges-ed by M‘"W”f'MMT7':“”
GATX that from the shelter information gathered as a result of the na- L

- tional survey, it may be feasible to include in each instructicn manual
the recommended location of ventilators and ducting for each shelter,
minimizing *he chance of placement in a b.d location. We would expect,
however, that such pre-planning of the system configuration in all iden-

tified shelters wouid be a multi-million dollar project comparable in cost
to the survey itself

e
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‘ Figure D-2 and Table D—I of this report are reprinted from the

—;eper by T. xusuda and P.,R Achenbach Outdoor Air Psychrometricx
‘f; Criteria for Summer Ventilation of Protective Shelters,' published
in ASHRAE Transactions, Vol. 78, Part I, by permissxon of the V';
American So(iety of Heating, Refrigerating, .and Air-Conditioning

Engineers, Inc.
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